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PREFACE 

The U.S. Atomic Energy Commission ( A E C )  used the Nevada Test Site (NTS) 
from January 1951 through January 19, 1976, for conducting nuclear weapons 
tes ts ,  nuclear rocket-engine development, nuclear medicine studies, and other 
nuclear and non-nuclear experiments. Beginning January 19, 1976, these 
activities became the responsibility of the newly formed U.S. Energy Research 
and Development Administration ( E R D A ) .  On October 1, 1977 the E R D A  was merged 
with other energy-related agencies t o  form the U.S. Department of Energy 
( D O E ) .  Atmospheric nuclear tes ts  were conducted periodically frorn January 27, 
1951, through October 30, 1958, after  which a testing moratorium was in effect 
until September 1,  1961. Since September 1, 1961, al l  nuclear detonations 
have been conducted underground with the expectation of containment, except 
for  four slightly above-ground or shallow underground tes ts  of Operation 
Dorni ni c I I i n 1962 and  f ive nucl ear eart h-crateri ng experiments conducted 
ulider the Plowshare program between 1962 and 1968. 

Prior t o  1954, an offsi te  surveillance program was performed by the Los 
Alamos Scientific Laboratory and the U.S. Army. From 1954 through 1970, the 
U.S. Public Health Service (PHs), and the U.S. Environmental Protection Agency 
( E P A )  from 1970 t o  the present, have provided an Offsite Radiological Safety 
Program under an Interagency Agreement. The PHs or EPA has also provided 
offsi te  surveillance for nuclear explosive tes ts  a t  places other than the NTS. 

Since 1954, an objective of this  surveillance program has been to measure 
1 eve1 s and trends of radioactivity, if present, in the environment surrounding 
testing areas t o  ascertain whether the testing i s  in compliance with existing 
radiation protection standards. Offsite levels of radiation and radioactivity 
are assessed by sampling milk, water, and a i r ;  deploying dosimeters; and 
sampl i ng food crops, soil , etc., as required. To implement protective 
actions, provide immediate radiation monitoring, and obtain environmental 
samples rapidly after  any re1 ease of radioactivity, personnel with mobi 1 e 
monitoring equipment are placed in areas downwind from the tes t  s i t e  prior t o  
each test .  Since 1962, aircraft have also been deployed to rapidly monitor 
and  sample re1 eases of radioactivity during nuclear tests.  Monitoring data 
obtained by the aircraft crew immediately after  a t e s t  are used t o  position 
mobile radiation monitoring personnel on the ground. Data from airborne 
sampling are used t o  quantify the amounts, diffusion, and transport of the 
radionucl ides released. 

Prior t o  1959 a report was published for each tes t  series or t e s t  
project. Beginning in 1959 for reactor tests ,  and  in 1962 for weapons tes ts ,  
surveil lance d a t a  were published for each individual t e s t  t h a t  released 
radi oact ivi ty off s i te .  From January 1964, through December 1970, 



semi-annual summaries o f  these repo r t s  f o r  i n d i v i d u a l  nuclear  t e s t s  were a l so  
pub1 ished. 

I n  1971, t h e  AEC implemented a  requirement, now r e f e r r e d  t o  as t h e  DOE 
Order 5484.1, t h a t  each con t rac to r  o r  agency invo lved i n  major nuc lear  
a c t i v i t i e s  prov ide  a comprehensive annual rad io1  og i ca l  mon i to r ing  repor t .  
Th is  i s  t h e  t e n t h  annual repo r t  i n  t h i s  ser ies;  i t  summarizes t h e  a c t i v i t i e s  
o f  t h e  EPA du r ing  CY 1981. 
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SECTION 1 

SUMMARY 

PURPOSE 

I t  i s  U.S. Environmental Protection Agency pol icy to protect the general 
public and the environment from pollution caused by human activities.  This 
includes radioactive contamination of the biosphere and conco~nitant radiation 
exposure of the population. To th is  end and in concordance with U.S. 
Department of Energy pol icy of keeping radiation exposure of the general 
public as low as reasonably achievable, the EMSL-LV conducts an Offsite 
Radiological Safety Program centered on the D O E ' S  Nevada Test Site. This 
program i s  conducted under an Interagency Agreement between EPA and DOE. 

4 principal activity of the Offsite Radiological Safety Program i s  
routi ne envi ronmental monitoring for radioactive materials in various inedia 
a n d  for radiation in areas which may be affected by nuclear tests.  I t  i s  
conducted t o  document compliance with standards, to identify trends, and t o  
provide information to  the pub1 ic. This report summarizes these act ivi t ies  
for CY 1981. 

Locations 

Most of the radiological safety effort i s  applied in the areas 
around the Nevada Test Site in south-central Nevada. The principal activity 
a t  the NTS i s  testing of nuclear devices, t h o u g h  other related projects are 
also conducted. This portion of Yevada i s  sparsely settled, 0.5 person/km2, 
and has a continental arid climate. The largest town in the near offsi te  area 
i s  Beatty, located about 65 km west of the NTS with a population of about 900. 

IJnderground tes ts  have been conducted in several other States for various 
purposes. A t  these si tes  in Alaska, Colorado, New Mexico and Mississippi, a 
1 ong-ten3 hydro1 ogi cal monitoring program (LTHMP) i s  conducted t o  detect any 
possible cotltarnination of potable water and aquifers near these sites.  

Pathways Monitoring 

The pathways 1 eadi ng t o  human exposure to radi onucl ides, namely ai r ,  
water and food, are rnonitored by networks of sampling stations. The networks 
are designed not only t o  detect radiation from DOEINVO nuclear t e s t  areas b u t  
also t o  detect increases i n  population exposure from any source. 

I n  1981 the a i r  sampling network (ASN) consisted of 27 continuously 
operating stations surrounding the NTS and  97 standby stations (operated 1 or 



2 weeks each quarter) in States west of the Mississippi. Other than naturally 
occurring beryl 1 ium-7, the only activity detected was fission-product activity 
from a Chinese atmospheric nuclear test .  A slight increase in plutonium-239 
concentration, probably due t o  the same source, was also detected. 

The noble gas and tritium sampling network (NGTSN) consisted of 10 
stations offsi te  (off the NTS and exclusion areas) and 6 stations onsite in 
1981. No NTS-related radioactivity was detected a t  any offsi te  station. 
Tritium concentration in ai r remained below MDC levels and krypton-85 
concent rat ion cont i nued the upward trend which started i n 1960, ref 1 ecti ng the 
world-wide increase in nuclear technology. 

The long-term hydrological monitoring of we1 1s and surface waters near 
s i t es  of nuclear tes ts  showed only background t r i t  ium and other radionucl ide 
concentrations except for those wells which enter the tes t  cavity or those 
t h a t  were previously spiked with radionucl ides for hydrological tests .  

The mi lk survei 1 lance network (MSN) consisted of 27 sampl i ng 1 ocations 
within 300 k m  of the NTS and about 140 standby locations in the Western U.S. 
The tritium concentration in milk was a t  background levels, and stront ium-90 
from worl d-wide fa1 lout continued the slow downward trend observed in recent 
years. 

Other foods analyzed have been mainly meat from domestic or game animals. 
The radionuclide most frequently found in the edible portion of these animals 
is cesium-137. I ts  concentration has also been declining in recent years. 
Meat from deer t h a t  reside on the NTS has not had markedly higher concentra- 
t i  ons of radi onucl ides t h a n  meat from deer t h a t  reside in other areas of 
Nevada. 

The NTS beef herd which had been maintained on the NTS and had been 
sampled semi-annually since 1957 was dispersed this  year and the Experimental 
Dairy Farm activated in 1963 was placed in a standby status. These actions 
were taken because of the consistently unremarkable findings in the NTS 
animals and because of budgetary constraints. In the future, samples t o  be ' 

analyzed will be collected from ranches and farms in the near offsi te  areas. 

External Exposure 

External exposure i s  monitored by a network of TLD's a t  80 locations 
surrounding the NTS and by TLD's worn by 46 offsi te  residents. In  a few 
cases, small exposures of a few mrem above the average for the person or 
location were measured. Except for one case of occupational exposure, a1 1 
such net exposures were very low and were not related t o  NTS activities.  The 
range of exposures measured, varying with altitude and, soil constituents, i s  
similar t o  the range of such exposures found in other areas of the U.S. 

Internal Exposure 

Internal exposure i s  assessed by whole-body counting supplemented by 
phoswich detectors to measure lung burdens of radioactivity. In  1981, counts 
were made on 42 offsi te  residents and about 400 EPA and EG&G employees. 



Natural potassium-40 was found as expected, b u t  other than barely detectable 
cesium-137 in a few cases, no nuclear t e s t  related radioactivity was detected. 
In  addition, physical examinations of the 42 o f f s i t e  residents revealed only a 
normally healthy population consonant with the age and sex distribution of 
that  population. 

Community Monitoring Stations 

During the fourth quarter of 1981, work commenced on instal l ing 15 
environmental radiation monitoring s ta t ions in the o f f s i t e  area. Each s ta t ion 
w i  1 1  be operated by a resident of the community, trained to  collect  samples 
and  interpret  some of the data. Each s ta t ion will be part of the ASN, NGTSN 
and TLD networks and will also have a recording pressurized ion chamber and 
barograph. Co~ple te  samples and data from the stations will be analyzed by 
EMSL-LV and a1 so interpreted and reported by the Desert Research Ins t i tu te ,  
gniversi ty  of Nevada. 

Dose Assessment 

Doses were calculated for  an average adult 1 iving in Nevada based on the  
Kr-85, Sr-90, Cs-137 and Pu-239 detected by the monitoring networks. Using 
conservative assumptions, the estimated dose would have been less  than 0.5 
mrem per year, a small fraction of the variation of 10 mrem per year due to  
the natural radionuclide content of the  body. Since no radioactivity 
originating on the NTS was detectable of fs i te ,  no dose assessment related to  
NTS act i vi t i es coul d be made. 



SECTION 2 

INTRODUCTION 

The EMSL-LV operates an Offsite Radio1 ogical Safety Program around the 
NTS and other s i t e s  as requested by the Department of Energy ( D O E )  under an 
Interagency Agreernent between DOE and EPA. This report, prepared in 
accordance with the guidelines in DOEIE-0023 ( D O E  1981), covers the program 
ac t iv i t i e s  for  calendar year 1981. I t  contains descriptions of pertinent 
features of the NTS and i t s  environs, summaries of the EMSL-LV dosimetry and 
sampling methods, analytical procedures, and the analytical resul ts  from 
envi ronmental measurements. Where appl icable, dosimetry and sampl i ng data are 
compared to  appropriate guides f o r  external and internal exposures of humans 
t o  ionizing radiation. 



SECTION 3 

DESCRIPTION OF THE NEVADA TEST SITE 

H i s t o r i c a l l y ,  t h e  major programs conducted a t  t h e  NTS have been nuc lear  
weapons development, p roo f - t es t i ng  and weapons sa fe ty  and e f fec t s ,  t e s t i n g  
peaceful uses o f  nuc lear  explos ives (P l  owshare Program), r e a c t o r  engi ne 
development f o r  nuc lear  rocket  and ramjet  app l i ca t i ons  (Pro jec ts  P l u t o  and 
Rover), high-energy nuclear physics research, seismic s tud ies  (Vela Uniform), 
and s tud ies  o f  h igh- leve l  waste storage. During 1981, nuclear  weapons 
devel opment, p roo f  - t e s t i n g  and weapons safety ,  nuc lear  physics programs, and 
s tud ies  o f  h igh- leve l  waste storage were cont inued a t  t h e  NTS. P ro jec t  P l u t o  
was d iscont inued i n  1964; P ro jec t  Rover was terminated i n  January 1973; 
Plowshare t e s t s  were terminated i n  1970; Vela Uniform s tud ies  ceased i n  1973. 
A l l  nuc lear  weapons t e s t s  s ince  1962 have been conducted underground. More 
d e t a i l  and p e r t i n e n t  maps f o r  t h e  po r t i ons  o f  t h i s  sec t ion  are  inc luded i n  
Appendix A. Only se lected in fo rmat ion  i s  presented i n  t h i s  Section. 

SITE LOCATION 

The NTS i s  loca ted  i n  Nye County, Nevada, w i t h  i t s  southeast corner  about 
90 km northwest o f  Las Vegas (F igure  1). It has an area o f  about 3,500 square 
km and var ies  from 40 t o  56 km i n  w id th  (east-west) and from G4 t o  88 km i n  
l e n g t h  (north-south).  This  area cons is ts  o f  l a r g e  basins o r  f l a t s  about 900 
t o  1,200 rn above mean sea l e v e l  (MSL) surrounded by mountain ranges r i s i n g  
1,800 t o  2,300 rn above MSL. 

The NTS i s  surrounded on t h r e e  s ides by exc lus ion  areas, c o l l e c t i v e l y  
named t h e  N e l l i s  A i r  Force Range, which prov ide a  b u f f e r  zone between t h e  t e s t  
areas and p u b l i c  lands. This b u f f e r  zone var ies  from 24 t o  104 km between t h e  
t e s t  area and l and  t h a t  i s  open t o  t h e  pub l i c .  Depending upon wind speed and 
d i r e c t i o n  a t  t h e  t ime  o f  t es t i ng ,  f rom 1/2 t o  more than 6 hours w i l l  elapse 
be fore  any re lease o f  a i rborne  r a d i o a c t i v i t y  could pass over pub1 i c  lands. 

CL I MATE 

The c l ima te  o f  t h e  NTS and surrounding area i s  var iab le ,  due t o  i t s  
v a r i a t i o n s  i n  a l t i t u d e  and i t s  rugged t e r r a i n .  Generally, t h e  c l ima te  i s  
r e f e r r e d  t o  as cont inenta l  a r id .  Throughout t h e  year, t he re  i s  i n s u f f i c i e n t  
p r e c i p i t a t i o n  t o  support t h e  growth o f  common food crops w i thout  i rri yat ion.  



F i g u r e  1. Loca t i on  o f  t h e  Nevada Tes t  S i t e  (NTS). 



As Houghton e t  a l .  (1975) point out, 90 percent of Nevada's population 
1 ives in areas with less than 25 cm of rainfall  per year or in areas that  
would be classi f ied as mid-latitude steppe to  low-latitude desert regions. 

The wind direction, as measured on a 30-m tower a t  an observation s ta t ion 
about 9 km NNW of Yucca Lake near CP-1,  i s  predominantly northerly except 
during May through August when winds from the south-southwest predominate 
(Qui r i  ng  1969). Because of the prevalent mountai n/val ley winds i n  the  basins, 
south t o  southwest winds predominate during daylight hours of most months. 
Durf ng the  winter months southerly winds have only a s l ight  edge over 
northerly winds f o r  a few hours during the warmest part of the day. These 
wi 9 3  patterns are  often quite different a t  other locations on the NTS because 
o f  local te r ra in  effects  and differences in elevation. 

GEOLOGY AND HYDROLOGY 

Geological and hydrological studies of the NTS have been in progress by 
the U.S. Geological Survey and various other organizations since 1956. 
Because of t h i s  continuing effor t ,  including subsurface studies of numerous 
borehol es, the surf ace and underground geological and hydro1 ogi cal 
characterist ics for  much of the NTS are  known in considerable detail (see 
Figure A - 1 ) .  This i s  particularly t rue for  those areas i n  which underground 
experiments are conducted. A comprehensi ve summary of the geol ogy and 
hydrology of the NTS edited by Eckel was published in 1968. 

- 

The aquifers underlying the NTS vary i n  depths from about 200 m beneath 
the surface of valleys in the southeastern part of the s i t e  to  more than 500 m 
beneath the surface of highlands to  the north. Although much of the valley 
f i l l  i s  saturated, downward movement of water i s  retarded by various tu f f s  and 
i s  extremely slow. The primary aquifer in these formations consists of 
Paleozoic carbonates that  underlie the more recent t u f f s  and alluviums. 

LAND USE OF NTS ENVIRONS 

Industry within the immedi a t e  off-NTS area includes approximately 40 
active mines and mills, o i l  f i e lds  in the Railroad Valley area, and several 
industrial plants in Henderson, Nevada. The number of employees fo r  these 
operations may vary from one person a t  several of the small mines t o  several 
hundred workers f o r  the  oil f ie lds  north of the NTS and the industrial plants 
in Henderson. Most of the individual mining operations involve 1 ess than 10 
workers per mine; however, a few operations employ 100 t o  250 workers. 

The major body of water close t o  the NTS i s  Lake Mead (120 km southeast, 
Figure A - Z ) ,  a manmade lake supplied by water from the Colorado River. Lake 
Yead supplies about 60 percent of the water used for  domestic, recreational, 
and industrial purposes in the Las Vegas Val ley. Some Lake Mead water i s  used 
in Arizona, southern California, and Mexico. Smaller reservoirs and lakes 
located in the area are used primarily for  i r r igat ion and for  watering 
livestock. 



Dai ry  farming i s  not extensive w i t h i n  300 km o f  t he  NTS. A survey o f  
rni lk cows dur ing  t h e  summer o f  1979 showed 8,200 d a i r y  cows, 730 f a m i l y  m i l k  
cows and 258 f a m i l y  m i l k  goats i n  t h e  area (F igures A-4 and A-5). The f a m i l y  
cows and goats a re  d i s t r i b u t e d  i n  a l l  d i r e c t i o n s  around t h e  NTS, whereas most 
d a i r y  cows are loca ted  t o  t h e  southeast (Moapa River ,  Nevada; V i r g i n  R i ve r  
Val ley, Nevada; and Las Vegas, Nevada), nor theas t  (Lund), and southwest (near  
Barstow, Cal i f o r n i  a). 

Grazing i s  t h e  most common land use w i t h i n  300 km o f  t h e  s i t e .  Approxi- 
mately 280,000 c a t t l e  and 180,000 sheep are  d i s t r i b u t e d  w i t h i n  t h e  area as 
shown i n  Appendix F igures A-6 and A-7, respec t ive ly .  The est imates are  based 
on i n fo rma t i on  suppl ied by t h e  C a l i f o r n i a  county agents du r i ng  1980, from 1979 
a g r i c u l t u r a l  s t a t i s t i c s  suppl i e d  by t h e  Nevada Department o f  A g r i c u l t u r e  and 
f rom 1978 census i n fo rma t i on  supp l ied  by t h e  Utah Department o f  Ag r i cu l t u re .  

Popu la t ion  D i s t r i b u t i o n  

Excludi  ng Clark County, t h e  major popu la t ion  center  (approx imate ly  
462,000 i n  1980), t h e  popu la t ion  dens i ty  w i t h i n  a  150 km rad ius  o f  CP-1 on t h e  
NTS i s  about 0.5 persons per  square k i lometer .  For  comparison, t h e  48 
contiguous s ta tes  (1980 census) had a  popul a t  i o n  dens i ty  o f  approximately 29 
persons ,per  square k i lometer .  The est imated average popu la t ion  dens i t y  f o r  
Nevada i n  1980 was 2.8 persons pe r  square k i lometer .  

The o f f s i t e  area w i t h i n  80 km o f  t h e  NTS ( t h e  area i n  which t h e  dose 
commitment must be determined f o r  t h e  purpose o f  t h i s  r e p o r t )  i s  predominant ly 
r u r a l ,  F igure  A-3. Several small communities a re  loca ted  i n  t h e  area, t h e  
l a r g e s t  Sei ng i n  t h e  Pahrump Val 1  ey. This  growing r u r a l  community, w i t h  an . 

est imated popu la t ion  o f  about 3,600, i s  loca ted  about 72 km south-southwest o f  
t h e  NTS CP-1. The Amargosa Farm Area, which has a  popu la t ion  o f  about 1,600, 
i s  loca ted  about 50 km southwest o f  CP-1. The l a r g e s t  town i n  t h e  
n e a r - o f f s i t e  area i s  Beatty,  which has a  popu la t ion  o f  about 900 and i s  
loca ted  approximately 65 km t o  t h e  west o f  CP-1. 

AIRBORNE RELEASES OF RADIOACTIVITY AT THE NTS DURING 1981 

A1 1  nuclear  detonat ions dur ing  1981 were conducted underground and were 
con ta i  ned, a1 t hough occasional re1 eases o f  1 ow-1 eve1 r a d i  oact i v i  t y  occur 
d u r i  ng re-ent  r y  d r i  11 i ng. Tab1 e  1 shows t h e  t o t a l  q u a n t i t i e s  o f  rad ionuc l  ides  
released t o  t h e  atmosphere, as repor ted  by t h e  DOE Nevada Operations O f f i c e  
(1982). 



TABLE 1. TOTAL AIRBORNE RADIONUCLIDE EMMISIONS 
AT THE NTS DURING 1981 

H a l f - L i f e  Quan t i t yRe leased  
Radi onucl i de . (days) ( c i  > 

T r i t i u m  4,500 534 
I o d i  ne-131 8.04 0.05 
Xenon-133 5.29 2,700 
Xenon-1 33m 2.33 29 



SECTION 4 

QUALITY ASSURANCE 

GOALS 

The goals of the EMSL-LV quality assurance program are to  assure the 
col 1 ect ion and analysis of envi ron~nental samples with the highest degree o f  
accuracy and  precision obtai nab1 e with state-of-the-art instrumentation and t o  
achieve the best possible completeness and comparability given the extent and 
type of networks from which samples are collected. To meet these goals, i t  i s  
necessary t o  devote s t r i c t  attention to  both the sample collection and sample 
analysi s procedures. 

SAMPLE COLLECTION 

The collection of samples i s  governed by a detailed set of Standard 
Operati ng Procedures (SOP ' s )  . These SOP ' s prescribe the frequency and met hod 
of col 1 ect i on,  the type of col 1 ect i on medi a ,  sampl e contai nment and transport; 
sample preservation, sample identification and labeling, and operating 
parameters for the instrumentation. Sample control i s  an important segment of 
these activities as i t  enables tracking from collection t o  analysis for each 
sample and governs the selection of duplicate samples for analysis and the 
samples chosen for replicate analysis. 

These procedures provide assurance t h a t  sample collection, labeling and 
hand1 i ng are standardized to minimize sampl e variabi 1 i ty  due to inconsistency 
among samples. 

SAMPLE ANALYSIS 

A1 1 of the networks operated by the EMSL-LV have individual Qua1 i ty  
Assurance Project Plans t h a t  assure the results of analysis will be of high 
accuracy and precision and  will be comparable t o  results obtained elsewhere 
with equivalent procedures. The QA Plan i s  summarized in the following 
sect ions. 

External QA 

External QA provides the d a t a  from which the accuracy and precision of 
analysis can be determined. Accuracy i s  assessed from the results obtained on 
Intercomparison Study samples and on samples "spiked" with known amounts of ' 

radionucl ides. The Offsite Radiological Safety Program participates in 



Intercoinparison Study Programs t h a t  i nc lude  environmental sample analys is ,  TLD 
dosimetry, and who1 e-body counting. A1 so, samples unknown t o  t h e  ana l ys t  a r e  
sp iked by adding known amounts o f  rad ionuc l ides  and entered i n t o  t h e  nonnal 
chain o f  ana l ys i  s. 

Data f o r  p r e c i s i o n  a re  c o l l e c t e d  from d u p l i c a t e  and rep1 i c a t e  analyses. 
A t  l e a s t  10 percent  o f  a1 1 samples a re  c o l l e c t e d  i n  dup l i ca te .  When analyzed, 
t-he data i n d i c a t e  t h e  p r e c i s i o n  o f  bo th  sample c o l l e c t i o n  and ana lys is .  
Rep1 i ca te  count ing o f  a t  1 eas t  10 percent  o f  a1 1 samples y i  e l  d da ta  f r o r n  which 
t h e  p r e c i s i o n  o f  count ing  can be determined. 

If t h e  accuracy and p r e c i s i o n  data a re  o f  s u f f i c i e n t  q u a l i t y ,  t hen  
comparabi l i ty , .  i .e., comparison o f  t h e  data w i t h  those o f  o t h e r  a n a l y t i c a l  
l abo ra to r i es ,  can be assessed w i t h  confidence. The r e s u l t s  o f  ex te rna l  QA 
procedures are shown i n  Appendix C. 

I n t e r n a l  QA 

I n t e r n a l  ?A cons i s t s  o f  those procedures used by t h e  ana lys t  t o  assure 
proper sample p repara t ion  and analys is .  The p r i n c i p a l  procedures used a re  t h e  
fo l l ow ing :  

e Instrument background counts 
e Blank reagent analyses 
m Instrument ca l  i b r a t  i o n  w i t h  known nucl ides  

I n t e r n a l  standards ana l ys i s  
e Performance check-source ana l ys i s  

Maintenance o f  c o n t r o l  char ts  f o r  background and check-source da ta  
a Schedul ed inst rument  mai ntenance 

These procedures ensure t h a t  t h e  i ns t rumen ta t i on  i s  no t  contaminated, t h a t  
c a l i b r a t i o n  i s  co r rec t ,  and t h a t  standards c a r r i e d  through t h e  t o t a l  
a n a l y t i c a l  procedure a re  accura te ly  analyzed. 

VALIDATION 

A f t e r  t h e  r e s u l t s  a r e  produced, superv isory personnel examine t h e  data t o  
determine whether o r  not t h e  ana l ys i s  i s  va l i d .  This  inc ludes  checking a1 1 
procedures from sample r e c e i p t  t o  a n a l y t i c a l  r e s u l t  w i t h  p a r t i c u l a r  a t t e n t  i o n  
t o  t h e  i n t e r n a l  QA data and comparison o f  t h e  r e s u l t s  w i t h  prev ious data from 
s i m i l a r  samples a t  t h e  same loca t ion .  

Any v a r i a n t  r e s u l t  o r  f a i l u r e  t o  f o l l o w  i n t e r n a l  QA procedures d u r i n g  
sample ana l ys i s  wi 11 t r i g g e r  an i n t e r n a l  a u d i t  o f  t h e  a n a l y t i c a l  procedures 
and/or a re -ana lys is  o f  t h e  sample o r  i t s  dup l i ca te .  

' 

Examples o f  t h e  opera t ion  o f  these procedures are mentioned on page 22, 
where a f a i l u r e  t o  f o l l o w  t h e  sampling SOP was detected; on page 50, where TLD 
readout p rob l  ems were d i  scovered ; and on page 56, where dupl i c a t e  sarnpl e 
ana l ys i s  cor rec ted  a problem noted from comparison o f  data. 



SECTION 5 

RADIOLOGICAL SAFETY ACTIVITIES 

The radiological safety ac t iv i t i e s  of the  EMSL-LV a re  divided into two 
major areas; speci a1 t e s t  support and routine environmental surveil lance. 
Both of these ac t iv i t i e s  are designed to  detect any increase in environmental 
radiation which migh t  cause exposure to  individuals or  population groups so 
tha t  protective actions may be taken, t o  the extent feasible. These 
ac t iv i t i e s  are described i n  the following portions of t h i s  report. 

SPECIAL TEST SUPPORT 

Before each nuclear t e s t ,  mobile monitoring personnel are positioned in 
the o f f s i t e  areas most l ikely to  be affected should a release of radioactive 
material occur. They ascertain the locations of residents, work crews and 
animal herds and obtain information relat ive t o  control labi 1 i ty  of residents 
in small population centers. These monitors, equipped with radiation survey 
instruments, gamma exposure-rate recorders, thermol umi nescent dosimeters 
(TLD' s )  , portable a i r  samplers, and suppl i es for  col lec t i  ng envi ronmental 
samples, are prepared t p  conduct a monitoring program as directed from the NTS 
Control Point (CP-1)  vi a two-way radio communications. 

For those t e s t s  which might cause ground motion detectable o f f s i t e ,  EPA 
monitors were stationed a t  1 ocations where hazardous situations might ensue. 
A t  these locations, e.g.? mines and specific buildings, occupants a r e  
evacuated, or  warned a g a ~ n s t  entry, until a f t e r  the  t e s t  i s  conducted. 

Professional EPA personnel serve as members of the Test Manager's 
Advisory Committee t o  provide advice on possible public and environmental 
impact of each t e s t  and possible protective actions in case accidental 
re1 eases of radioactivity should occur. 

An EMSL-LV cloud sampling and tracking a i r c ra f t  i s  flown over the NTS t o  
obtain sampl es, assess total  cloud volume, and provide 1 ong-range tracking in 
the event of a release of airborne radioactivity. A second EMSL-LV a i r c ra f t  
i s  flown t o  gather meteorological data and to  perform cloud tracking. Infor- 
mation from these a i rc raf t  can be used i n  positioning the radiation monitors. 

Dur ing CY 1981 none of the t e s t s  conducted a t  the NTS released 
radioactivity that  was detected of fs i te .  



PATHWAYS MONITORING 

The o f f s i t e  radiation monitoring program includes pathways.monitoring 
consisti ng of ai r ,  water and milk survei 1 lance networks surroundi n y  the NTS 
and a limited animal sampling project. These are explained i n  detail  below. 

Air Survei 11 ance Network 

Network Design-- 
The ASN monitors an important route of human exposure t o  radionuclides: 

inhalation of airborne materials. Not only the concentration b u t  also the  
source must be determined i f  appropriate corrective actions a re  t o  be taken. 
Thus the ASN i s  designed t o  circumscribe the NTS w i t h  a 200 k ~ n  c i rc le ,  i s  
1 imited only by the  avai labi l i ty  of e l ec t r i c  power and a resident fo r  opera- 
t ion ,  and has a s l ight  concentration of sampling stations in the prevailing 
downwind di rection as shown i n  Figure 2. This continuously operating network 
i s  reinforced by a standby network which covers the contiguous States west of 
the Mississippi River, Figure 3. 

Met hods-- 
During 1981 the  ASN consisted of 27 continuously operating sampling 

stations and 97 standby stations.  Each sampler was equipped t o  col lect  both 
particulate and gaseous radionucl ides. 

Samples of airborne particulates were collected a t  each active s tat ion on 
10-cm di ameter gl ass-f i ber or Mi crosorban polystyrene f iber  f i 1 t e r s  a t  a f 1 ow 
ra te  of about 350 m 3  per day. F i l te rs  were changed a f t e r  sampler operation 
periods of 2 or 3 days (700 t o  1,100 m3).  Activated charcoal cartridges 
direct ly  behind the f i l t e r s ,  capable of collecting gaseous radioiodine, were 
changed a t  the same time as the f i l t e r s .  The s tat ions were operated by State  
and municipal health department personnel or by local residents. All a i r  
f i l t e r s  and charcoal cartridges were mailed to  the EMSL-LV fo r  analysis. 

Results-- 
Throughout the network, concentrations of beryllium-7, zirconium-95, 

niobium-95, ruthenium-103, ruthenium-106, cerium-141, and cerium-144 were 
detected. The pri nci pal means of beryl 1 i um-7 production i s from spa1 1 a t  i on of 
oxygen-16 and nitrogen-14 in the atmosphere by cosmic rays. The remainder of 
the radionucl ides detected were f iss ion products attributed to  atmospheric 
nuclear t e s t s  conducted by the People's Republic of China. The most recent 
Chinese t e s t  detected was conducted on October 15, 1980, a t  9:30 p.m. PDT. 
Appendix Tables E-1 and E-2 summarize the data from the ASN samples. A11 
time-weighted averages (Avgla in the tab les)  a re  less  than 1 percent of the 
Concent rat ion Guide (Appendix D )  , fo r  exposure t o  the 'general pub1 ic. 

During 1981, no airborne radioactivity related to  nuclear tes t ing  a t  t he  
NTS was detected on any sample from the ASN. 

A plot of the logarithm of the individual concentrations fo r  a1 1 s ta t ions 
during the year versus probits indicates that  the a i r  data are  approximately 
lognormal ly distributed. The distributions for  the individual nuclides that  
were detected indicated that there was a single source, assumed to  be 
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Figure 2. Air Surveillance Network stations within Nevada. 
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Figure 3. Air Surveillance Network stations in States other than Nevada. 



atmospheric fa1 lout because a1 1 s t a t  ions were affected. The geometric mean 
concentrations and standard deviations for  a l l  of the measurements of e s  
radi onuclide measured throughout the whole Network, including standby 
s ta t ions ,  a re  shown in Table 2. 

Two special studies a re  performed on the  samples frorn the ASN: a gross 
beta analysis of the pref i l te rs  from 5 s ta t ions,  and plutonium-238 and 
plutonium-239 analysis of composited pref i l te rs  from 11 stations.  

The gross beta analysis i s  used t o  detect trends in atmospheric radio- 
act ivi ty  more quickly than i s  possible with gamma spectrometry. For t h i s  
study, three s tat ions in Utah, north and east of the NTS, and two stat ions 
south and west of the NTS are used. The three f i l t e r s  per week from each 
s tat ion are analyzed for  gross beta act ivi ty  a f t e r  a 7-day de:ay to  decrease 
the contribution from radon daughter activity.  

The gross beta study began in the f i r s t  week of July 1980. The data 
suggest l i t t l e  significant difference among stat ions and show the normal trend 
of decreased act ivi ty  to  be expected a f t e r  the rainout which occurs each 
spring. The maximum concentration measured was 0.17 pCi / m 3 ,  the minimum was 
0.012 pCi/m3, and the arithmetic average was 0.047 pCi/m3. A summary of the 
data i s  shown i n  Appendix Table E-4. 

The plutonium study uses the pref i l te rs  from eight standby ASN stat ions,  
dis tant  from the NTS, and from three ASN stat ions near the NTS. The f i l t e r s  - 
from each standby s tat ion (operated 1 o r  2 weeks per quarter) a re  composited 
quarterly, and those frorn the ASN stations are  composited monthly. The 
composites a re  analyzed radiochemical ly as indicated in Appendix B. 

TABLE 2. ASN GEOMETRIC MEAN CONCENTRATIONS 

Geomet r i c 
Mat er i  a1 Mean Concentration Geomet r i  c 
Detected ( pCi /m 3, Standard Deviation 

Gross beta 
Beryl 1 iurn-7 
Ni obi urn-95 
Z i  rconium-95 
Rutheni um-103 
Ruthenium-106 
Cerium-141 
Ceri um-144 



A p l o t  o f  t h e  q u a r t e r l y  average plutonium-239 data f o r  t h e  e i g h t  d i s t a n t  
from and t h e  th ree  near t o  NTS s ta t i ons ,  F igure  4, i nd i ca tes  t h a t  t h e  concen- 
t r a t i o n  i n  a i r  peaked f o r  a1 1  s t a t i o n s  i n  t h e  2nd Quar te r  o f  1981 and t h a t  
t he re  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  two groups o f  s ta t ions .  The 
plutonium concent ra t ion  i n  a i r ,  though, was h igher  i n  1981 than  i n  1980. The 
1981 average annual concent ra t ion  was 35 aCi/m3 versus 16 aCi/m3 i n  1980. 
However, t h e  p l  utonium-238 concentrat ions d i d  not change very much; 2.3 aci/rn3 
i n  1981 versus 1.8 i n  1980. Considering t h e  Pu-239 concentrat ions and t h e  
s i m i l a r i t y  o f  r e s u l t s  from near and d i s t a n t  NTS s ta t i ons ,  t h e  probable source 
o f  t h e  increased concent ra t ion  o f  p lu tonium was t h e  0.2 t o  1 megaton atmos- 
pher ic  nuc lear  t e s t  conducted by t h e  People's Republic o f  China on October 15, 
1980. A summary o f  t h e  data i s  i n  Appendix Table E-5. 

Nobl e  Gas and T r i  t i  um Survei 11 ance Network 

Network Design-- 
There are  several  sources o f  t h e  rad ionuc l ides  monitored by t h i s  network. 

Noble gases a re  emi t ted from nuclear  power p lants,  p ropu ls ion  reactors,  
reprocessing f a c i l i t i e s  and nuc lear  explosions. T r i t i u m  i s  emi t ted  from t h e  
same sources and i s  a l so  produced n a t u r a l l y .  The mon i to r ing  network w i l l  be 
a f f e c t e d  by a1 1  these sources, but  must be able t o  detect  NTS emissions. For 
t h i s  purpose t h e  samplers a re  loca ted  c lose  t o  t h e  NTS and p a r t i c u l a r l y  i n  
drainage-wind channels lead ing  from t h e  t e s t  areas. I n  1981 t h i s  network 
inc luded t e n  s t a t i o n s  around t h e  NTS as we l l  as s i x  s t a t i o n s  o n s i t e  as shown 
i n  F igure  5. 

Methodology-- 
The noble gas samples are c o l l e c t e d  by compressing a i r  i n t o  tanks. The 

compressor-type equipment c o n t i  nuously samples a i  r over a  7-day pe r i od  and 
s to res  i t  i n  two pressure tanks, which together  ho ld  approximately 1 cub ic  
ineter of a i r  a t  about 220 p s i  (1.6 MPa). The tanks are  exchanged weekly and 
r z tu rned  t o  t h e  EMSL-LV where t h e i r  contents a re  analyzed. Analys is  s t a r t s  by 
condensing t h e  samples a t  l i q u i d  n i t r ogen  temperature and us ing f r a c t i o n a l  
d i s t i l l a t i o n  t o  separate t h e  gases. The separate f r a c t i o n s  o f  radioxenon and 
rad iokryp ton  are d isso lved i n  s c i n t i l l a t i o n  c o c k t a i l s  and counted i n  a  l i q u i d  
sc i  n t  i 1 l a t  i o n  counter  (see Appendix B). 

For  t r i t i u m  sampling, a  molecular  s i eve  column i s  used t o  c o l l e c t  water 
from a i r .  A p r e f i l t e r  i s  used t o  remove p a r t i c l e s  be fore  a i r  passes through 
the  molecular  s ieve  column. Up t o  10 cubic meters o f  a i r  a re  passed through 
each column over  a  7-day sampling period. Water absorbed on t h e  molecular  
s i eve  column i s  recovered, and t h e  concent ra t ion  o f  t r i t i u m  i n  t h e  water (HTO) 
i s  determined by 1  i q u i d  s c i n t i l  l a t i o n  count ing techniques (see Appendix B).  

Resul ts- -  
A l l  r e s u l t s  a re  shown i n  Appendix Table E-3 as t h e  maximum, minimum and 

average concent ra t ion  f o r  each s ta t i on .  These data i n d i c a t e  t h a t  no rad io -  
a c t i v i t y  from NTS t e s t s  was detected o f f s i t e  by t h e  Noble Gas and T r i t i u m  
Surve i l l ance  Network dur ing  1981. However, r a d i o a c t i v e  xenon-133 was detected 
four  t imes o n s i t e  a t  t h e  BJY s ta t i on .  Those samples conta in ing  xenori-133 are  
l i s t e d  i n  Table 3  w i t h  t h e i r  associated krypton-85 resu l t s .  A l l  o f  these 
concentrat ions were less than 0.02 percent o f  t h e  concent ra t ion  guide f o r  
occupat ional exposures from xenon-133, (Appendix D) .  
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As shown in Figure 6 ,  the  concentrations of krypton-85 within the whole 
network appeared t o  have a bimodal distribution with three values not f i t t i n g  
the distribution. The samples from which these three values were measured 
were the f i r s t  3 sanples l i s ted  i n  Table 3. 

As these three values do not f i t  the distribution fo r  the  whole network 
and two of t h e m  also contained xenon-133, they are  at t r ibuted t o  nuclear 
tes t ing  operations a t  the  NTS. The bimodal distribution suggests tha t  two 
sources of krypton-85 with different averages were sampled. The dis t r ibut ion 
with the lower modal concentration near 22 pCi/m3 i s  possibly from worldwide 
ambi ent concent rations resulting from nuclear power generation and nuclear 
fuel processing. The source of the other distribution i s  not known, bu t  i s  
not attributed t o  nuclear tes t ing a t  NTS due t o  the fact  that  the same bimodal 
distribution was observed a t  a l l  network s tat ions both onsite and of fs i te .  
The weighted average concentration of krypton-85 a t  a1 1 o f f s i t e  s ta t ions that  
operated throughout the year was 24 pCi/m3. During 1980 the concentrations of 
krypton-85 were lognormally distributed with an average concentration of 21 
pCi/m3. 

The onsite BJY stat ion continued t o  have the highest average concentra- 
t ion of krypton-85 w i t h  26 pCi/m3 (Table E-3). The average concentration a t  
t h i s  s ta t ion has been the highest in the network more often than a t  any other 
s ta t ion ,  probably because of i t s  central location on the NTS where seepage of 
the radioactive noble gases from past underground nuclear detonations i s  
suspected. 
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Figure 6. Frequency d i s t r i b u t i o n  of krypton-85 concent ra t ion  
i n  a i r ,  1981 da ta .  

TABLE 3. BJY COMPRESSED AIR SAMPLES CONTAINING HIGH CONCENTRATIONS 

Col lec t ion  Period 
Date and Time ON Date and Time OFF 

Concent r a t i o n  - pCi /m3 
Xe-133 Kr-85 

<20 37 + 3 
1,500 * 22 35 + 3 

2 6 2  9 39 + 6 
310 -F 25 (Los t )  
340 2 10 25 -1 4 



As shown in Table 4 and Figure 7, the average concentration of krypton-85 
fo r  the  who1 e network has gradual ly increased since sampli ng began in  1972- 
This increase, observed a t  a l l  s ta t ions,  ref lects  the worldwide increase in 
ambient concentrat ions result  i ng from the increased use of nuclear techno1 ogy. 
The ra te  of increase of ambient krypton-85 concentration seems t o  have 
accelerated i n  1981. This i s  consistent with project ions (Bernhardt, e t  a1 . , 
1973) of rapidly increasing concentrations. However, the measured network 
average in 1981 i s  only about 25 percent of the projected value of 99 pCi/m . 
Since nuclear fuel reprocessing i s  the primary source of krypton-85, the 
decision of the United States to  defer fuel reprocessing may be one reason why 
krypton-85 levels have not increased as f a s t  as predicted. 

Using published data fo r  krypton-85 concentration in a i r  (NCRP 1975) and 
the data from our network (Table 4 ) ,  the change over time was plotted as shown 
in Figure 7. Linear correlation analysis indicates that  the krypton concen- 
tration/time relation i s  pCi/m3 = 5.8-+ 0.8 t where t i s  number of years a f t e r  
1960. 

As in the past, tr i t ium concentrations in atmospheric moisture samples 
from the off-NTS stat ions were generally below the minimum detectable concen- 
t ra t ion  (MDC) of about 400 pCi/L water (Appendix Table E-3). The t r i t ium 
concentrations observed a t  off-NTS stations were considered to  be representa- 
t i v e  of environmental background. Several s ta t ions on the t e s t  s i t e  had 
t r i t ium concentrations consistently above background; the  concentrat ion 
averages for  Area 15, BJY, and Area 1 2  were approximately 10 times the average 
f o r  the o f f s i t e  stations b u t  were s t i l l  less than 0.01 percent of the appro- 
priate CG. 

The distribution of a l l  the measurements of t r i t ium in atmospheric 
moisture f o r  the  whole network consisted of possibly two lognormal 
distributions w i t h  different means and standard deviations. A1 1 the t r i t ium 
concent rations above background were measured i n  sampl es col 1 ected a t  the 
onsite stations.  The geometric mean of the t r i t ium concentrations for  a l l  
o f f s i t e  s ta t ions was evaluated as 170 pCi/L of moisture, which i s  below the 
minimum detectable concentration of about 400 pCi /L.  The geometric standard 
'deviation fo r  the mean was determined to  be 1.72. 

Long-term Hydro1 ogical Monitoring Program 

Network Design-- 
A major pathway for  transport of radionucl ides t o  individuals i s  potable 

water. This program monitors possible radioactive contamination of potable 
water sources. The design i s  for  a system to monitor the aquifers underlying, 
and surface waters on or near, s i t e s  where nuclear explosions have occurred. 
For aquifers, monitoring i s  limited by the avai labi l i ty .of  wells that tap 
those sources. For the s i t e s  considered herein, a suitable number of wells i s  
present so that  suff ic ient  monitoring data are obtained. 

The monitored locations for  the NTS and nearby o f f s i t e  areas are  shown in  
Figures 8 and 9. For Projects Cannikin, Longshot and Milrow i n  Alaska; f o r  
Projects Rio Blanco and Rulison in Colorado; for  Projects Dribble and Miracle 
Play in Yississippi; f o r  Projects Faultless and Shoal in Nevada; and f o r  
Projects Gasbuggy and Gnome i n  New Mexico, the  sampling locations a re  shown in 
Figures E-1  through E-12 i n  Appendix E. 



TABLE 4. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS IN AIR, 1972-1981 

' ' ~ r  Concentrations (pCi/m3) 
Sampl i ng 
Locations 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Alamo, ~ e v ?  - - - - - - - - - - - - - - -- - - 2 7 
Beat ty,  Nev. 16 16 17 19 20 20 20 19 21 24 
Diablo and 16 16 17 18 19 19 20 19 21 24 

Rachel , Nev.* 
Hiko, Nev. 16 16 17 17 17 19 20 19 21 24 
Indian Springs,  - - -- -- 20 20 20 20 19 21 24 
Nev. 

NTS,Mercury,Nev. 16 16 18 18 19 20 20 19 21 23 
NTS,Area51,Nev.  16 16 17 18 20 19 20 19 21 24 
NTS, BJY, Nev. 17 18 19 19 20 21 22 21 23 26 
NTS,Area lZ ,Nev .  16 16 18 18 20 19 20 19 21 24 
Tonopah, Nev. 16 16 18 17 19 19 20 18 21 25 
Las Vegas, Nev. 16 16 17 18 18 20 20 -- -- 24 
Death Val ley J c t . ,  16 15 18 17 20 20 20 19 -- - - 

Calif.* 
NTS, Area 15, Nev. -- - - - - - - - - - - - - 19 21 25 
NTS, Area 400, Nev. -- a - - - - - - - - - - - 18 21 23 
Lathrop We1 l s ,  Nev. -- - - - - - - - - - - - - 19 22 24 
Pahrump, Nev.t - - - - - - - - - - - - - - - - - - 2 3 
Overt on, ~ e v  .' -- - - - - - - - - - - - -- - - 26 
Network Average 16 16 18 18 19 20 20 19 21 24 

*Removed 1979 
+ ~ e w  s t a t i o n s  
*s t a t ion  a t  Diablo was moved t o  Rachel i n  March 1979. 

Met hods-- 
A t  each sampling loca t ion ,  fou r  samples a r e  co l l ec t ed .  Two samples a r e  

co l l ec t ed  i n  500-mL g la s s  b o t t l e s ;  one i s  used f o r  t r i t i u m  a n a l y s i s  and t h e  
o t h e r  s to red  f o r  use as  a dup l i ca t e  sample o r  t o  rep lace  t h e  o r ig ina l  sample 
i f  i t  i s  l o s t  i n  ana lys i s .  Two 3.5-L samples a r e  f i l t e r e d  through 10 cm 
diameter membrane f i  1 ters i n t o  cub i t a i  ners and a c i d i f i e d  with HN03. One 
sample and t h e  f i l t e r  a r e  gamma-scanned, t h e  o the r  sample i s  s to red  f o r  
dupl i c a t e  ana lys i s  o r  f o r  re -ana lys is  a s  required.  

Tri t ium and gamma spectrometr ic  analyses  a r e  descr ibed i n  Appendix B. I f  
t h e  tritium concent ra t ion  de tec ted  by t h e  conventional a n a l y s i s  i s  l e s s  than  
700 pCi/L, then  t h e  sample i s  reanalyzed using t h e  enrichment method. 
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Figure 7 .  Trend in annual average krypton-85 concentration. 

Results-- 
Table 5 l i s t s  the locations a t  which water samples were found to contain 

man-made radioactivity. Radioactivity in sa:npl es col lected a t  these 1 ocat ions 
has been reported in previous years, except for Wells LRL-7 and DD-1, which 
were added t o  the program this  year. The d a t a  for all  samples analyzed are 
compiled in Appendix Tables E-6 through E-9 together with the percent of the 
relevant CG l isted in Appendix D. 

None of the radionuclide concentrations found a t  the locations listed in 
Table 5 are expected t o  result in radiation exposures t o  residents in the 
areas where the samples were collected. Well UE7NS i s  located on the NTS and 
i s  not used for drinking water. 

USGS Wells 4 and 8, which were contaminated with the reported nuclides 
during tracer studies years ago, are on private land a t  the Project Gnome s i t e  
in New Mexico and are closed and locked t o  prevent thei r  use. Well DD-1 
enters the Gnome cavity, t o  which We1 1 LRL-7 i s  connected by a shaft for the 
disposal of contaminated soil and sal t .  As a result, both of these wells were 
expected t o  produce contaminated water. 

The Project Dribble wells in Mississippi are abou t  1 mile from the 
nearest residence and are n o t  sources of drinking water. 

The shallow wells a t  the Project Long Shot  s i t e  on Amchitka Island in 
Alaska are in an isolated location and are not sources of drinking water. 
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TABLE 5. WATER SAMPLING LOCATIONS WHERE SAMPLES CONTAINED 
MAN -MADE RADIOACTIVITY 

% of 
Type of Concentrat ion Conc. 

Sampl i ng Loca t i  on R a d i o a c t i v i t y  (pCi/L) Guide 

NTS (Nev.) 

We1 1 UE7NS 

PROJECT GNOME (N. Mex.) 

USGS Well 4 

USGS We1 1 8 

Well LRL-7 

PROJECT DRIBBLE (Mi ss .) 

H a l f  Moon Creek Overfl ow 3~ 830 0.03 
Well HMH-I through 11 H 29-12,000 0 -04 
We1 1 HM-S H 28,000 0.9 
Well HM-L H 2,700 0.09 
REECo P i t  Dra i  nage-B 3~ 2,500 0.08 

PROJECT LONG SHOT (Alaska) 

We1 1 WL-2 
Well GZ, No. 1 
Well GZ, No. 2 
Mud P i t  No. 1 
Mud P i t  No. 2 
Mud P i t  No. 3 



No gamma-emi tt i ng radionucl ides were detected in any sample by gamma 
spectrometry analysis, except for  USGS Well 8, Well LRL-7, and Well DD-1 ,  at  
the Project Gnome S i t e  which were contaminated with Cs-137 many years ago. 
The minimum detectable concentration for  Cs-137 i s  about 10 pCi/L. (The 
Cs-137 in the sample from USGS Well 4 i s  attributed t o  contamination of the 
sampling gear, i t  has never been detected i n  samples collected in the past.) 

Mi 1 k Survei 11 ance Network 

Network Design-- 
An important pathway fo r  transport of radionuclides t o  huilians i s  the 

ai r-forage-cow-mi lk chain. This pathway i s  monitored by EMSL-LV through 
analysis of milk. The design of the network i s  based on collections from 
areas l ikely t o  be affected by accidental releases from the NTS as we1 1 as 
from areas unlikely to  be so affected. Additional considerations are: 1) a 
complete ring of stations t o  cover any eventuality, 2 )  stations at  major 
milksheds as well as family cows, and 3)  avai labi l i ty  of milk cows. 

Methods- - 
The network consists of two major portions, locations within 300 kin of 

the NTS from which samples are collected quarterly (Figure 10) and locations 
in a l l  major mi lksheds west of the Mississippi River from which samples a re  
collected annually. One exception t o  the l a t t e r  portion of the network i s  
Texas; the State  Health Department performs the surveillance of the milksheds 
in that  State. 

The quarterly raw milk samples are collected by EPA monitors in 4-1 i t e r  
plast ic  containers (cubitainers) and preserved with formaldehyde. The annual 
milk samples are  also collected in cubitainers and preserved with formal- 
dehyde. They are  collected by contacting State  Food and Drug Administration 
Representatives, a f t e r  notification of the Regional EPA offices by telephone, 
and mailed t o  EMSL-LV fo r  analysis. 

All t he  milk samples a re  analyzed f i r s t  for  gamma-emitting nuclides by 
high-resolution gamma spectrometry and then fo r  strontium-89 and strontium-90 
by the methods outlined i n  Appendix B. A few samples a re  selected f o r  t r i t ium 
analysis. Occasionally a milk sample will t u r n  sour thus preventing the 
stront i um analysi s ,  b u t  the  other analyses can general ly be performed. 

Results-- 
The analytical resul ts  from the 1981 milk samples are summarized in 

Appendix Table E-10 where the maximum, minimum, and average concentrations of 
tr i t ium, strontium-89 and strontium-90 are  shown fo r  each sampling location. 
As shown in Table 6 below, the average concentrations of tr i t ium and 
strontium-90 f o r  the whole network are similar to  the network averages f o r  
previous years. However, from the results of i ntercomparison samples used f o r  
quality assurance, the strontium resul ts  fo r  1981 are  considered to  be low by 
about 15 t o  30 percent. 

Other than naturally-occurring potassium-40, radionuclides were not 
detected by gamma spectrometry i n  any samples except one collected a t  the 
Droubay Dairy i n  S t .  George, Utah (replaced the Cottam Dairy), which contained 
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TABLE 6. NETWORK ANNUAL AVERAGE CONCENTRATIONS OF 
TRITIUM AND STRONTIUM-90 IN MILK, 1975 - 1931 

- Average Concentrations - pCi/L 

Year H 9 0 ~ r  

cesium-137 a t  a concentration and two-sigma counting error  of 9.1 -+ 5.4 pCi/L. 
This radionuclide i s  attributed t o  past atmospheric fa l lout  and has a 
concentration tha t  i s  comparable t o  what has been observed previously. 

The logarithms of the  t r i t ium and strontium-90 concentrations fo r  the  
whole milk network were plotted versus probits. The tendency of the data t o  
f i t  one s t raight  l i n e  indicates that  the  data are  lognormally distributed and 
represent a single source, which appears to  be atmospheric fa1 lout. These 
resul ts  are  consistent with the resul ts  obtained for  the Pasteurized Milk 
Network shown i n  Figure 11. This network i s  operated by the  Eastern 
Envi ronmental Radiation Laboratory in Montgomery, Alabama. 

B i  omoni to r i  ng Program 

Objective-- 
This program began about 1957 and most recently was known as the Anirnal 

Investigation Program (AIP). The program had two inajor objectives; to  measure 
the t i ssue  concentration of radionuclides i n  beef c a t t l e  maintained life-long 
in an area used fo r  above-ground nuclear t e s t s  and to  measure radionuclides in 
the  t issues of game animals (deer, bighorn sheep) which might become a source 
of exposure to  humans. 

Met hods-- 
The beef herd of about 70 c a t t l e  had been maintained i n  Area 18, NTS, 

since the  early 1960's. Each spring and f a l l  the herd was collected and 3 t o  
6 animals sacrificed, including both yearling and aged animals. The samples 
collected from each animal included: 1 iver,  lung, tracheobronchi a1 lymph 
node, muscle, thyroid, kidney, ( fetus ,  i f  present) and rumen contents f o r  
gamna spectroinetric analysis; blood (or  t i ssue  water) fo r  tritiurn analysis; 
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Figure 11. S t  rontium-90 concentrat ion in Pasteurized Mi 1 k Network samples. 

and femur or hock bone for strontium and plutonium analyses. Other animals 
found dead on the NTS, such as deer or sheep, were necropsied, examined for 
suspicious lesions, and samples taken for histopathological examination i n  
addition t o  the samples taken for radionuclide analyses. 

A sizeable mule deer herd resides in the mountainous regions of the NTS 
during the summer. I f  they move t o  unrestricted lands, these deer may be 
hunted by members of the public. A study designed t o  determine migration 
patterns of the herd by tracking individual deer wearing collars containing 
miniature radio transmitters was begun in 1975 and continued through 1981. 
During the summer and fa1 1 of 1981, 25 mule deer were captured either by the 
chemical restraint of free-ranging animals or by trapping (Giles 1979). 
Fourteen of these deer were fitted with radiotransmitter collars, ear tags, 
and reflective markers suspended from the collar. These 1 4  newly installed 
transmitters brought t o  24 the t o t a l  number of working transmitters in the 
field. Laboratory personnel monitored the movements of the deer weekly with 
hand-held receivers and directional antenna. The other 11 deer captured were 
unsuitable for col laring and were released after visible markers had been 
attached. 



Bighorn sheep are not collected or monitored by EMSL-LV personnel, b u t  
samples for radionuclide analyses are obtained through the cooperation of 
licensed hunters or from animals killed in accidents. 

Results-- 
Complete analyses of a l l  samples collected this  calendar year are not 

available for  th is  report. These will be published in an AIP report  hen 
available (Smith e t  al. 1982). From previous reports, the trend in 
strontium-90 concentration in bone was derived and i s  shown in Figure 12 
(Smith and Andrews 1981). A United Nations report includes a table on 
strontium-90 in human vertebra ( N e w  York residents), covering the years of 

' 1962 through 1975 (UNSCEAR 1977), which shows a peak in 1965 fol lowed by a 
decline similar to  that shown by the data in Figure 12. The 1975 average for 
the human samples was about 3 pCi/g ash compared t o  the maximum of about 4 
pCi/g ash in the NTS cattle.  This suggests that most of the Sr in NTS ca t t le  
bones originated from worl d-wide fa1 1 out. 

The deer migration pattern observed during the winter of 1981-1982 was 
similar t o  that observed in 1980-1981. During December and January, most of 
the deer captured on Pahute Mesa moved south t o  Timber Mountain or 40-Mile 
Canyon in Areas 29 and 30. However, two bucks moved off the NTS to the west, 
in the vicinity of Black Mountain north of Beatty. 

By mid-December of 1981, six of the nine radio-equipped deer captured on 
Rainier Mesa moved to  Shoshone Mountain in Areas 16, 29 and 14. The remaining 
three bucks, along with several unmarked deer of both sexes, stayed in Area 12 
in the vicinity of N Tunnel and Captain Jack Spring a1 1 winter long. 

EXTERNAL EXPOSURE MONITORING 

Them01 umi nescent Dosimetry Network 

External radiation exposure of people i s  due primarily t o  medical sources 
and t o  natural sources such as cosmic radiation and natural ly-occurri ng 
radiact ivity in soil. Radioactivity from fa1 lout generated by the early 
atmospheric nuclear testing causes approximately 0.6 percent of a person's 
total exposure. Until 1965, film badges were used t o  document external 
exposure, b u t  TLD's gradual ly rep1 aced film as the measurement instrument 
because of thei r  greater sensitivity and precision. From 1970 t o  1974 the 
EMSL-LV used the TLD-12 dosimeter b u t  changed t o  the TLD-200 in 1975. 

Network Design-- 
The TLD network i s  designed t o  measure environmental radiation exposure 

a t  a location rather t h a n  t o  an individual because of the many uncertainties 
associated wi ti1 personal monitoring. Several individuals, some residing 
within and some residing without estimated fallout zones from past nuclear 
tes ts  a t  the NTS, have been monitored so t h a t  any correlations t h a t  may exist 
between personal and environmental monitoring could be obtained. The network 
consists of 80 monitored locations encircling the NTS with some concentration 
in the area of the estimated fallout zones (Figure 13). This arrangement 
permits an estimate of average background exposure; yet any increase due t o  
flTS activities can be detected. 
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Figure 12. Strontium-90 concentration trends in animal bone. 

Met hods- - 
In 1981 the TLD Network consisted of 80 stations at  both inhabited and 

uninhabited locations within a 300-kin radius of the CP-1. Each s tat ion i s  
equipped with three I-larshaw Model 2271-62 (TLD-200) thermol urni nescent 
dosimeters (TLD1s) t o  measure gamma exposure doses resul t i  ng from 
environmental background a s  we1 1 as accidental re1 eases of gamma-emitt i ng 
radioactivity. Within the area covered by the Network, 43 o f f s i t e  residents 
wore dosimeters during 1981. All TLD's were exchanged quarterly. 

In CY81, a s ta t ion was added a t  the  University of Nevada in  Las Vegas, 
and 13 s tat ions were moved from t h e i r  original locations to  the Community 
Monitoring Station in the  same area. 

The Model 2271-62 (TLD-200) dos~irneter consists of two small "chips" of 
dysprosium-activated cal ci um fluoride mounted i n a window of Tefl on p las t ic  
attached t o  a small aluminum card. An  energy compensation shield of 1.2-rnm 
thick cadmium metal i s  placed over the  card containing the chips, and the  
shielded card i s  then sealed in an opaque plast ic  card holder. Three of these 
dosimeters a re  placed in a secured, rugged, plast ic  housing 1 meter above 
ground level a t  each s tat ion t o  standardize the  exposure geometry. One 
dosimeter i s  issued t o  each of 43 o f f s i t e  residents who are  instructed in i t s  
proper weari ng. 
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Figure 13. Locations monitored with TLD's. 
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A f t e r  appropr ia te  cor rec t ions  were made f o r  exposure accumulated dur ing  
shipment between t h e  labora tory  and t h e  mon i to r ing  l oca t i on ,  and f o r  t h e  
response f a c t o r ,  t h e  s i x  TLD c h i p  readings f o r  each s t a t i o n  were averaged. 
The average value f o r  each s t a t i o n  was then  compared t o  t h e  values obta ined 
dur ing  t h e  prev ious f o u r  quar ters a t  t h a t  s t a t i o n  t o  detennine whether t h e  new 
value was w i t h i n  t h e  range o f  previous background values f o r  t h a t  s ta t i on .  
The r e s u l t  from each o f  t h e  personnel dosimeters was compared t o  t h e  average 
background value measured a t  t h e  nearest f i x e d  s t a t i o n  over t h e  previous f o u r  
quar te rs  . 

The smal lest  exposure above background r a d i a t i o n  t h a t  can be de tem~ ined  
froin these TLD readings depends p r i m a r i l y  on t h e  magnitude o f  v a r i a t i o n s  i n  
t h e  na tu ra l  background exposure r a t e  a t  t h e  p a r t i c u l a r  s ta t i on .  I n  t h e  
absence o f  o the r  independent exposure r a t e  measurements, t h e  present exposure 
r a t e  i s  compared w i t h  val  i d  p r i o r  measurements o f  na tura l  background. 
Typ ica l  l y ,  t h e  small es t  net  exposure de tec tab le  a t  t h e  99 percent conf idence 
l e v e l  f o r  a  90-day exposure per iod  would be 1 t o  5  mR above background. 
Depending on l oca t i on ,  t h e  background ranges from 15 t o  35 mR per  quar ter .  
The t e r n  "background," as used i n  t h i s  context,  r e f e r s  t o  na tu ra l  l y -occu r r i ng  
r a d i o a c t i v i t y  p lus  a  c o n t r i b u t i o n  from res idua l  manmade f i s s i o n  products, such 
as worldwide fa1  l ou t .  

Resul ts- -  
Appendix Table E-11 l i s t s  t h e  maximum, minimum, and average dose 

equ iva len t  r a t e  (mretn/day) and t h e  annual adjusted dose equ iva len t  r a t e  
(average i n  mremlday t imes t h e  number o f  days i n  t h e  year )  measured a t  each 
s t a t i o n  i n  t h e  Network dur ing  1981. No allowance was made f o r  t h e  small 
add i t i ona l  exposure due t o  t h e  neutron component o f  t h e  costnic ray spectrum. 
Four s t a t i o n s  exh ib i t ed  exposure i n  excess o f  background. They were t h e  
Complex I s t a t i o n  du r ing  F i r s t  Quar te r  1981, t h e  Bishop and Mammoth Mountain 
s t a t i o n s  T h i r d  Q u a r t e r  1981, and t h e  Area 51-NTS s t a t i o n  du r ing  Four th  Q u a r t e r  
1981. Each exposure was i nves t i ga ted  and t h e  poss ib le  cause o f  exposure noted 
i n  t h e  Q u a r t e r l y  In te r i rn  Report. None o f  t h e  ne t  exposures were a t t r i b u t e d  t o  
NTS ac t  i v i  t i es. 

Appendix Table E-12 l i s t s  t h e  personnel number; associated background 
s t a t  ion; t h e  maximum, minimum, and average dose equival en t  r a t e  (mrem/d) ; and 
t h e  annual dose e q ~ i v a l e n t  (mrem) measured f o r  each o f f s i t e  res iden t  monitored 
dur ing  1981. Six  res ident  dosimeters exh ib i t ed  exposures i n  excess o f  
background. These exposdres a re  a t t r i b u t e d  t o  h igher  background 1  evels  i n  t h e  
residence than a t  t h e  s t i t i o n  l o c a t i o n  o r  t o  occupational exposure ( res iden t  
No. 49). The average dose equivalent  ra tes  o f  t h e  o f f s i t e  res iden ts  were 
genera l l y  lower than t h e i r  background s t a t i o n s  due t o  t h e  s h i e l d i n g  prov ided 
by t h e i r  bodies and by t h e i r  homes o r  places o f  work. 

Table 7  shows t h a t  t h e  average annual dose r a t e  f o r  t h e  Dosimetry Network 
i s  cons is ten t  w i t h  t h e  Network average es tab l ished i n  1975. Annual doses 
decreased f rom 1971 t o  1975 w i t h  a  l e v e l i n g  t r e n d  s ince  1975, except f o r  a  
h igh  b ias  i n  t h e  1977 r e s u l t s  a t t r i b u t e d  t o  mechanical readout problems. The 
t r e n d  shown by t h e  Network average i s  i n d i c a t i v e  o f  t h e  t r e n d  e x h i b i t e d  by 
i n d i v i d u a l  s ta t ions .  



Because o f  t h e  great range i n  t h e  resu l t s ,  40 t o  142 mrem, an average f o r  
t h e  whol e area monitored may be i napprop r ia te  f o r  es t imat ing  i n d i v i d u a l  
exposure. This  would be p a r t i c u l a r l y  t r u e  i f  t h e  exposure o f  a p a r t i c u l a r  
res ident  were desired. Since environmental r a d i a t i o n  exposure can vary 
markedly w i t h  both a l t i t u d e  and t h e  na tura l  r a d i o a c t i v i t y  i n  t h e  s o i l ,  and 
s ince t h e  a l t i t u d e  o f  t h e  TLD s t a t i o n  l o c a t i o n  i s  r e l a t i v e l y  easy t o  obta in,  
t h e  measured dose ra tes  were p l o t t e d  as a f u n c t i o n  o f  a l t i t u d e .  As most o f  
Nevada l i e s  between 2,000 and 6,000 f e e t  above mean sea l eve l ,  t h i s  range was 
used and was s p l i t  i n t o  two sect ions f o r  p l o t t i n g  purposes. The resu l t s ,  
shown i n  F igure  14, i n d i c a t e  t h a t  t h e  average exposure a t  a l t i t u d e s  between 
4,000 and 6,000 f e e t  i s  about 20 mrem/a h igher  than t h a t  a t  a l t i t u d e s  between 
2,000 and 4,000 feet, al though both curves f o l l o w  t h e  same t r e n d  as t h e  over- 
a1 1 averages l i s t e d  i n  Table 7. Thus, i f  an i n d i v i d u a l  does not l i v e  near a 
monitored l oca t i on ,  an est imate o f  exposure cou ld  be based on t h e  a l t i t u d e  of 
h i s  residence and r a t h e r  than on t h e  average f o r  t h e  whole area monitored. 

INTERNAL EXPOSURE MONITORING 

I n t e r n a l  exposure i s  caused by ingested o r  inha led  rad ionuc l ides  t h a t  
remain i n  t h e  body e i t h e r  t empora r i l y  o r  f o r  longer  t imes because o f  s torage 
i n  t issues.  A t  EMSL-LV two methods a re  used t o  detect  such body-burdens: 
whol e-body coun t i  ng and u r i n a l y s i s .  

The whol e-body count ing f a c i  1 i t y  has been maintained a t  EMSL-LV s ince  
1966 and i s  equipped t o  determine t h e  i d e n t i t y  and q u a n t i t y  o f  gamma-emitting 

TABLE 7. DOSIMETRY NETWORK SUMMARY 
FOR THE YEARS 1971 - 1981 

Envi ronrnental Rad ia t ion  Dose Rate 
(mremly ) 

Year Maximum M i  nimurn Average 



Station 
Altitude 

4 - 6,000 ft. 

Calendar Year 

Figure 14. Average annual TLD exposure as a function of s ta t ion  al t i tude.  

radioactive materials which may have been inhaled or ingested into the body. 
A single thallium-activated sodium iodide crystal ,  28 x 10 centimeters, i s  
used t o  measure gamma radiation having energies ranging from 0.1 t o  2.5 MeV. 
Two phoswich detectors are  available and can be placed on the chest to  measure 
.low-energy radiation - fo r  example, 17  KeV x-rays from plutonium-239. The 
most 1 i kely mode of i ntake for  most a1 pha-emitt i ng radi onucl ides is  
inhalation, and the most important of these also emit low-energy X rays which 
can be detected in the  lungs by the phoswich detectors. 

Network Desi gn 

This act ivi ty  consists of two portions, an Offsite tiuman Surveillance 
Prograrn and a Radiological Safety Program. The design f o r  the Offsi te  Huinan 
Surveillance Program i s  to  measure radionuclide body-burdens in a 
representative number of families who reside in areas that  were subjected t o  
fa l lout  during the early years of nuclear weapons tes t s .  A few families who 
reside i n  areas not affected by such fa l lout  were also selected f o r  compara- 
t i v e  study. The principal constraint t o  the program i s  the cooperation 
received from the people in the area of study. 

The Radiological Safety portion requires a1 1 employees who may be exposed 
t o  radioactive materials in the course of t h e i r  work to  undergo a periodic 
whole-body count. 



Methods 

The O f f s i t e  Human Surve i l l ance  Program was i n i t i a t e d  i n  December 1970 t o  
determine l e v e l s  o f  r a d i o a c t i v e  nuc l ides  i n  some o f  t h e  f a m i l i e s  r e s i d i n g  i n  
communities and ranches surrounding t h e  Nevada Test Si te.  Biannual count ing 
i s  performed i n  t h e  sp r ing  and f a l l .  Th is  program s t a r t e d  w i t h  34 f a m i l i e s  
(142 i n d i v i d u a l s ) .  I n  1981, 16 o f  these fam i l i es ,  42 i nd i v idua ls ,  were s t i l l  
a c t i v e  i n  t h e  program. The geographical l o c a t i o n s  o f  th.e f a m i l i e s  which have 
p a r t i c i p a t e d  a re  shown i n  F igure  15. 

These persons t r a v e l  t o  t h e  Environmental Mon i to r ing  Systems Laboratory 
where a  whole-body count o f  each person i s  made t o  determine t h e  body burden 
o f  gamma-emitti ng radionucl  i des. A u r i n e  sample i s  co l  l e c t e d  f o r  ana lys i s  and 
a  shor t  medical h i s t o r y ,  complete blood count, t h y r o i d  p r o f i l e  and phys ica l  
examinations are obtained on each p a r t i c i p a n t .  Results o f  t h e  whole-body 
count a re  a v a i l a b l e  before t h e  f a m i l i e s  leave t h e  f a c i l i t y  and are  discu'ssed 
w i t h  t h e  subjects. The r e s u l t s  o f  t h e  blood and u r i n e  t e s t s  a re  sent t o  t h e  
fam i l i es ,  along w i t h  a  l e t t e r  o f  explanat ion from t h e  examining physician. 

I n  1981, 15 new f a m i l i e s  were added t o  t h e  su rve i l l ance  program. These 
people are  i n  charge o f  t h e  commmity mon i to r ing  s ta t i ons  described on page 
35. As w i t h  t h e  f i r s t  group o f  fiami 1  ies ,  each person w i l l  rece ive  a  
whole-body count, medical h i s t o r y ,  complete blood count, t h y r o i d  p r o f i l e ,  etc. 
This  group w i l l  p a r t i c i p a t e  annual ly. 

I n  a d d i t i o n  t o  these o f f s i t e  f am i l i es ,  counts a re  performed r o u t i n e l y  on 
EPA and EG&G employees as p a r t  o f  t h e  hea l th  mon i to r ing  programs. Selected 
i n d i v i d u a l s  from t h e  general popu la t ion  o f  Las Vegas and o the r  c i t i e s  a re  a l so  
counted t o  ob ta in  comparative data. 

Resul ts  

During 1981, a  t o t a l  o f  568 whole-body and 479 phoswich spectra were 
obta ined from ind i v idua ls ,  o f  which $9 were from persons p a r t i c i p a t i n g  i n  t h e  
O f f s i t e  Human Surve i l l ance  Program. Also, about 1,800 spectra f o r  c a l i b r a -  
t i o n s  and background were generated. Cesium-137 i s  genera l l y  t h e  on l y  f i s s i o n  
product detected and small amounts were found i n  one o f  t h e  persons counted; 
an employee who r e c e n t l y  moved t o  t h i s  area. Body burdens o f  Cs-137 i n  t h e  
o f f s i t e  popu la t ion  detected i n  prev ious years were s i m i l a r  t o  those i n  o the r  
U.S. res idents  from C a l i f o r n i a  t o  New York. A l l  spectra c o l l e c t e d  i n  1981 
were representa t ive  o f  normal background f o r  peopl e and showed on ly  na tu ra l  
potassiun-40 w i t h  t h e  one except ion mentioned above. No plutonium was 
detected i n  any o f  t h e  phoswich spectra. 

The concent ra t ion  o f  t r i t i u m  i n  u r i n e  samples from' t h e  . o f f s i t e  res idents  
va r ied  from <280 t o  1,120 pCi/L w i t h  an average value o f  274 pCi/L. The two 
values o f  1,098 and 1,120 changed t o  <280 pCi/L when a  second sample was 
analyzed. The concentrat ions measured were i n  t h e  range o f  background l e v e l s  
measured i n  water and r e f 1  ect  on ly  na tura l  exposure. 

As repor ted  i n  prev ious years, medical examination o f  t h e  o f f s i t e  
f a m i l i e s  revealed a  genera l l y  hea l thy  populat ion.  I n  regard t o  t h e  hemato- 



Wells 

Austin 

Elko 

F igu re  15. Locat ion  o f  f a m i l i e s  p a r t i c i p a t i n g  i n  t h e  o f f s i t e  
Human Survei  11 ance Program. 
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1  ogi c a l  exami na t ions  and t h y r o i d  p r o f  i 1  es, no abnormal r e s u l t s  were observed 
which cou ld  be a t t r i b u t e d  t o  past o r  present NTS t e s t i n g  operat ions. A  r e p o r t  
on data f o r  these fam i l i es ,  "Results o f  a  Su rve i l  lance Program f o r  Persons 
L i v i n g  Around t h e  Nevada Test S i t e  - 1971 t o  1980," has been accepted f o r  
p u b l i c a t i o n  i n  Hea l th  Physics (Patzer  and Kaye 1982). 

A surnmary repo r t  o f  s i g n i f i c a n t  f i n d i n g s  from t h e  beginning o f  whole-body 
count ing a t  t h e  Laboratory i n  1963 has been prepared and i s  be ing  reviewed. 

COMMUNITY MONITORING STATIONS 

To increase pub1 i c  know1 edge about and p a r t i c i p a t i o n  i n  r a d i o l o g i c a l  
s u r v e i l l a n c e  a c t i v i t i e s  as conducted by DOE and EPA; t h e  DOE, through an 
Interagency Agreement w i t h  EPA and con t rac t s  w i t h  t h e  Desert Research I n s t  i - 
t u t e  (DRI) o f  t h e  U n i v e r s i t y  of Nevada, and t h e  U n i v e r s i t y  o f  Utah, has 
es tab l i shed a  network o f  1 5  Community Mon i to r ing  S ta t i ons  i n  t h e  off-NTS 
areas. Each s t a t i o n  i s  operated by a  l o c a l  res ident ,  p re fe rab l y  a  science 
teacher, who i s  t r a i n e d  i n  r a d i o l o g i c a l  su rve i l l ance  methods by t h e  U n i v e r s i t y  
o f  Utah. The s t a t i o n s  a re  equipped and maintained, and samples are  c o l l e c t e d  
and analyzed by EMSL-LV. D R I  prov ides data i n t e r p r e t a t i o n  t o  t h e  communities 
i nvol  ved. 

Each s t a t i o n  w i l l  con ta in  one o f  t h e  sanplers f o r  t h e  ASN, NGTSN and 
Dosimetry networks discussed e a r l i e r ,  p lus  a  pressur ized i o n  chamber and 
recorder  f o r  immediate readout of ex te rna l  gamma exposure, and a  record ing  
barograph. A l l  o f  t h e  equipment i s  mounted on a  stand a t  a  convenient 
l o c a t i o n  i n  each community so t h e  res idents  a re  aware o f  t h e  s u r v e i l l a n c e  and, 
i f  i n te res ted ,  can have ready access t o  t h e  data. The s t a t i o n  l oca t i ons  a re  
those i n d i c a t e d  i n  F igu re  2 p lus  Shoshone, C a l i f o r n i a ;  St. George, Cedar C i t y  
and S a l t  Lake City, Utah. 

Not a l l  Community Mon i to r ing  S ta t i ons  were i n  f u l l  opera t ion  by y e a r ' s  
end 1981 so what data have been c o l l e c t e d  (ASN and NGTSN) a r e  inc luded i n  
Appendix E. 

CLAIMS INVEST1 GATIONS 

One o f  t h e  p u b l i c  se rv i ce  func t i ons  o f  t h e  EMSL-LV i s  t o  i n v e s t i g a t e  
c la ims o f  i n j u r y  a l l e g e d l y  due t o  r a d i a t i o n  o r i g i n a t i n g  from NTS a c t i v i t i e s .  
A phys ic ian  and a ve ter inar ian ,  q u a l i f i e d  by educat ion o r  experience i n  t h e  
f i e l d  o f  rad iob io logy ,  i n v e s t i g a t e  c la ims o f  r a d i a t i o n  i n j u r y  t o  determine 
whether o r  not  r a d i a t i o n  exposure may be involved. 

I n v e s t i g a t i o n  o f  c la ims from people invo lves  determin ing t h e  type  o f  
i 1  1  ness, from exami n i  ng physi  c i  ans records and diagnoses, and determi n i  ng t h e  
possi  b i  1  i ty  o f  r a d i a t i o n  exposure through residence h i  s to ry  and exarni na t  i o n  o f  
h i s t o r i c a l  r a d i a t i o n  s u r v e i l l a n c e  data. These i n v e s t i g a t i o n s  can be conducted 
by t h e  Medical L i a i s o n  O f f i c e r s  Network (MLON) o r  by t h e  EMSL-LV physic ian,  
depending on where t h e  c la im i s  made. The MLON i s  composed o f  physicians, one 
from each s ta te ,  who a re  t r a i n e d  i n  radiobio logy.  



An MLON Conference wi l l  be held a t  t h e  Environmental Monitoring Systems 
Laboratory, Las Vegas, Nevada, during t h e  f a l l  of 1983. The purpose of t h e  
meeting wi l l  be t o  update cu r r en t  information on t h e  b io logica l  e f f e c t s  of 
r a d i a t i o n ,  i t s  diagnosis  and t reatment .  D u r i n g  1981 the MLON made 13  i n v e s t i -  
ga t ions  of persons w i t h  a l leged  r a d i a t i o n  claims,  responded t o  nine inqu i r e s  
and completed seven evaluat ions.  

The EMSL-LV ve te r ina r i an  conducts s i m i l a r  i n v e s t i g a t i o n s  f o r  claims of 
i n j u r y  t o  domestic animals. In most cases  t h e  i n j u r i e s  i nves t iga t ed  have been 
due t o  common causes such as  b a c t e r i a l  i n f e c t i o n s  o r  unusual events  such a s  
feeding  on halogeton, a  poisonous p lan t .  In 1981 one po ten t i a l  claim was 
inves t iga t ed ;  sudden death of two goat k ids  near Rachel, Nevada. By physical 
examination, his topathology and rad ionucl ide  a n a l y s i s  of samples, and from 
symptoms descr ibed by t h e  owner, a diagnosis  of enterotoxemia was made. 
Radiat ion exposure apparent ly played no r o l e  i n  this  inc ident .  

DOSE ASSESSMENT 

Dose assessment c a l c u l a t i o n s  f o r  NTS-related r a d i o a c t i v i t y  a r e  not  
included i n  t h i s  r epo r t  because d e t e c t a b l e  l e v e l s  of r a d i o a c t i v i t y  from t h e  
1981 nuclear  t e s t i n g  program a t  t h e  NTS were not observed o f f s i t e  by any of 
t h e  monitoring networks. Residual r a d i o a c t i v i t y  was observed i n  waters from 
wells  i n  o t h e r  nuc lear  t e s t i n g  a r e a s  known t o  be conta~ninated during pas t  
nuc lear  t e s t s  a t  t h e  P ro j ec t  Dribble  S i t e  near  Uat t iesburg ,  Mis s i s s ipp i ,  
P ro j ec t  Gnome near  Yalaga, New Mexico, and a t  t h e  Pro jec t  Long Shot S i t e  on 
Amchitka I s l and ,  Alaska. However, t h e  waters from t h e s e  contaminated wells  
a r e  not used f o r  dr inking  purposes. 

An e s t ima te  of exposure of an average adu l t  i n  Nevada due t o  world-wide 
r a d i o a c t i v i t y  can be made based on t h e  da t a  frorn t h e  monitoring networks. The 
pr inc ipa l  da ta  a r e  strontium-90 i n  m i l k  (1.9 pCi/L) from previous atmospheric 
t e s t s ;  krypton-85 i n  a i r  (24 pCi/m3) from power r eac to r s  and reprocessing 
p l a n t s ;  and plutonium-239 i n  a i r  (35 aCiIrn3) from previous atmospheric tests 
and t h e  recent  Chinese atmospheric t e s t .  

Assumptions: 1 )  Breathing r a t e  = 7,300 m3/a 
2 )  Water i n t a k e  = 438 L/a, milk = 112 of water o r  219 L/a 
3)  8,766 h r / a  

From DOE/EP-0023 Appendix B ( D O E  1981a) ; f i  r s t - y e a r  Dose Factors  a re :  

1 )  Kr-85 (immersion) 2,200 mrem/hr per  pCi/mL, whole body 
(pCi/mL = 1012 pci/m3), 

2 )  Sr-90 ( i n g e s t i o n )  45 mrern/pCi i n t ake ,  whole body, and 

3 )  Pu-239 ( i n h a l a t i o n )  4,800 mrem/pCi t o  lung. 



Calculated annual dose: 

The t o t a l  annual dose t o  t h e  average a d u l t  i n  Nevada from world-wide 
rad i  oact i v i  t y  detected by EMSL-LV moni t o r i  ng networks i s then 0.0315 rnrein. 
Natural  r a d i o a c t i v i t y  i n  t h e  body (K-40, C-14, Ra-226, etc.) causes annual 
i n t e r n a l  doses ranging from 26 t o  36 mreln per  year  (FRC 1960), and t h e  
ca lcu la ted  i n t e r n a l  dose i s  on ly  0.3 percent o f  t h i s  10 mrem va r i a t i on .  

The ex te rna l  exposures t o  Nevadans range from 40 t o  142 mrem/a as 
measured by t h e  TLD network. I n  t h e  U.S., external  exposures range from 63 t o  
200 mrem/a, depending on e leva t i on  (sea coast o r  Rocky Mountains) and on t h e  
na tu ra l  r a d i o a c t i v i t y  i n  t h e  s o i l  (NCRP 1971). The exposures measured by t h e  
TLD's compare favorab ly  w i t h  t h a t  range as t h e  TLD s t a t i o n ' s  a l t i t u d e  var ies  
from 500 t o  over  7,000 f e e t  above MSL and t h e  uranium content i n  s o i l  probably 
a l so  var ies  markedly among s ta t ions .  

The h ighest  pos tu la ted  annual dose est imate t o  man, froin t h e  r e s u l t s  o f  
t h e  1980 Biomoai tor ing Program, was ca l cu la ted  t o  be 0.4 mrem. This  would 
r e s u l t  from t h e  Cs-137 content o f  muscle froin t h e  NTS beef herd i f  an 
i n d i v i d u a l  a t e  0.5 k g  per  day f o r  t h e  whole year  and i f  a1 1 t h e  muscle t i s s u e  
had t h e  maximum measured cesium concentrat  ion. 
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APPENDIX A. SITE DATA 

SITE DESCRIPTION 

A summary of the uses of the NTS and i ts immediate environs is included 
i n  Sec t ion  3 of t h i s  repor t .  More d e t a i l e d  da t a  and d e s c r i p t i v e  maps a r e  
contained i n  this  Appendix. 

Location 

The NTS i s  loca t ed  i n  Nye County, Nevada, w i t h  i t s  southeas t  co rne r  about 
90 km northwest of Las Vegas (F igure  1 i n  main r e p o r t ) .  I t  has an a r ea  of 
about 3,500 square  km and va r i e s  from 40 t o  56 km i n  width (eas t -wes t )  and 
from 64 t o  88 km i n  l ength  (north-south) .  This a r ea  c o n s i s t s  of l a r g e  bas ins  
o r  f l a t s  about 900 t o  1,200 m above mean sea  leve l  (MSL) surrounded by 
mountain ranges r i s i n g  1,800 t o  2,300 m above MSL. 

The NTS i s  surrounded on t h r e e  s i d e s  by exclusion a r ea s ,  c o l l e c t i v e l y  
named t h e  Nel l i s  Air Force Range, which provide a bu f f e r  zone between t h e  t e s t  
a r ea s  and publ ic  lands.  This  bu f f e r  zone v a r i e s  from 24 t o  104 km between t h e  
t e s t  a r ea  and land t h a t  i s  open t o  the public.  Depending upon wind speed and 
d i r e c t i o n ,  from 1/2 t o  more than 6 hours w i l l  e l apse  before  any r e l e a s e  of 
a i rbo rne  r a d i o a c t i v i t y  could pass over publ ic  lands. 

C l  imate 

The c l ima te  of t h e  NTS and surrounding a rea  is va r i ab l e ,  due t o  i t s  
v a r i a t i o n s  i n  a l t i t u d e  and i t s  rugged t e r r a i n .  Generally,  t h e  c l ima te  is  
r e f e r r ed  t o  a s  cont inenta l  a r id .  Throughout t h e  year ,  there is i n s u f f i c i e n t  
water  t o  support  t h e  growth of common food crops without i r r i g a t i o n .  

Climate may be c l a s s i f i e d  by t h e  t ypes  of vege ta t ion  indigenous t o  an 
area.  According t o  Houghton e t  a l .  (1975),  t h i s  method of c l a s s i f i c a t i o n  of 
dry condi t ion ,  developed by Doppen, i s  f u r t h e r  subdivided on t h e  b a s i s  of 
temperature  and s e v e r i t y  of drought. Table A-1  (Houghton e t  a l .  1975) 
summarizes t h e  c h a r a c t e r i s t i c s  of c l i m a t i c  types  f o r  Nevada. 

Accordi ng t o  Q u i  ri ng (1968),  t h e  NTS average annual p r e c i p i t a t i o n  ranges 
from about 10  cm a t  t h e  lower e l eva t ions  t o  around 25 cm on t h e  h igher  
e leva t ions .  During t h e  w i  n t e r  months, t h e  p l a t eaus  may. be snow-covered f o r  a 
period of s eve ra l  days o r  weeks. Snow i s  unconimon on t h e  f l a t s .  Temperatures 
vary cons iderab ly  with e l eva t ion ,  s lope ,  and loca l  a i r  cur ren ts .  The average 
d a i l y  high (low) temperatures  a t  t h e  lower a l t i t u d e s  a r e  around 50°F (25OF) i n  
January and 95OF (55OF) i n  Ju ly ,  w i t h  extremes of l l O ° F  and -15OF. Corres- 
ponding temperatures  on the p la teaus  a r e  35OF (25OF) i n  January and 80°F 
(65OF) i n  J u l y  w i t h  extremes of 100°F and -20°F. Temperature extremes a s  low 
a s  -30°F and h igher  than 115OF have been observed.. 
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The wind d i r e c t i o n ,  as measured on a 30-m tower a t  an observat ion s t a t i o n  
about 9 km NNW o f  Yucca Lake, i s  predominant ly n o r t h e r l y  except du r i ng  t h e  
months o f  May through August when winds from t h e  south-southwest predominate 
(Qui  ri ng 1968). Because o f  t h e  preval en t  mountai n / v a l l  ey w i  nds i n t h e  basi  ns, 
south t o  southwest winds predominate du r i ng  d a y l i g h t  hours o f  most months. 
Dur ing t h e  w i n t e r  months souther ly  winds have on l y  a s l i g h t  edge over 
n o r t h e r l y  w i  nds f o r  a few hours dur ing  t h e  warmest p a r t  o f  t h e  day. These 
wind pa t te rns  may be q u i t e  d i f f e r e n t  a t  o t h e r  l o c a t i o n s  on t h e  NTS because o f  
l o c a l  t e r r a i n  e f f e c t s  and d i f f e rences  i n  e leva t ion .  

Geology and Hydro1 ogy 

Two major hydro log ic  systems shown i n  F igure A-1  e x i s t  on t h e  NTS (ERDA 
1977). Ground water i n  t h e  northwestern p a r t  o f  t h e  NTS o r  i n  t h e  Pahute Mesa 
area has been repor ted  t o  f l o w  a t  a r a t e  o f  2 m t o  180 m per  year  t o  t h e  south 
and southwest toward t h e  Ash Meadows Discharge Area i n  t h e  Amargosa Desert. 
I t  i s  est imated t h a t  t h e  ground water t o  t h e  east o f  t h e  NTS moves from n o r t h  
t o  south a t  a r a t e  o f  not l ess  than 2 m nor g rea ter  than 220 m per year. 
Carbon-14 analyses o f  t h i s  eastern ground water i n d i c a t e  t h a t  t h e  lower 
v e l o c i t y  i s  nearer t h e  t r u e  value. A t  Mercury Va l ley  i n  t h e  extreme southern 
p a r t  o f  t h e  NTS, t h e  eastern ground water f l o w  s h i f t s  southwestward toward t h e  
Ash Meadows Discharge Area. 

Land Use o f  NTS Environs 

F igure  A-2 i s  a map o f  t h e  off-NTS area showing a wide v a r i e t y  o f  land  
uses, such as fanning, mining, grazing, camping, f i s h i n g ,  and hunt ing  w i t h i n  a 
300-km rad ius  o f  t h e  NTS. For example, west o f  t h e  NTS, e leva t ions  range from 
85 m below MSL i n  Death Val ley t o  4,420 m above MSL i n  t h e  S i e r r a  Nevada 
Range. Par ts  o f  two major a g r i c u l t u r a l  v a l l e y s  ( t h e  Owens and San Joaquin) 
a re  included. The areas south o f  t h e  NTS are  more uni form s ince  t h e  Mojave 
Desert ecosystem (mi d-1 a t  i tude deser t )  cornpri ses most o f  t h i s  po r t  i o n  o f  
Nevada, C a l i f o r n i a ,  and Arizona. The areas east o f  t h e  NTS are  p r i m a r i l y  
m i d - l a t i t u d e  steppe w i t h  some o f  t h e  o l d e r  r i v e r  va l leys ,  such as t h e  V i r g i n  
R i v e r  Val l e y  and Moapa Val ley ,  suppor t ing i r r i g a t i o n  f o r  smal l -scale bu t  
i n t e n s i v e  farming o f  a v a r i e t y  o f  crops. Grazing i s  a l s o  common i n  t h i s  area, 
p a r t i c u l a r l y  t o  t h e  northeast.  The area n o r t h  o f  t h e  NTS i s  a l so  m i d - l a t i t u d e  
steppe, where t h e  major a g r i c u l t u r a l  a c t i v i t y  i s  graz ing o f  c a t t l e  and sheep. 
Minor ag r i cu l t u re ,  p r i m a r i l y  t h e  growing o f  a l f a l f a  hay, i s  found i n  t h i s  
p o r t i o n  o f  t h e  Sta te  w i t h i n  300 km o f  t h e  NTS Contro l  Po in t -1  (CP-1). Many o f  
t h e  res idents  grow o r  have access t o  l o c a l l y  grown f r u i t s  and vegetables. 

Many rec rea t i ona l  areas, i n  a7 1 d i r e c t i o n s  around t h e  NTS (F igure  A-2) 
a re  used f o r  such a c t i v i t i e s  as hunt ing, f i s h i n g ,  and camping. I n  general, 
t h e  camping and f i s h i n g  s i t e s  t o  t h e  northwest, nor th,  and nor theast  o f  t h e  
NTS a r e  u t i l  i zed  throughout t h e  year  except f o r  t he  w in te r  months. Camping 
and f i s h i n g  l o c a t i o n s  t o  t h e  southeast, south, and southwest are u t i l i z e d  
throughout t h e  year. The hunt ing season i s  from September through January. 
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Figure A-1. Groundwater flow systems around the Nevada Test Site- 



Figure A-2. General land use within 300 km of the Nevada Test Site. 
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Populat ion D i s t r i b u t i o n  

F igure  A-3 shows t h e  cu r ren t  popu la t ion  o f  count ies surrounding t h e  NTS 
based on p r e l  iminary 1980 census f igures .  Exc luding Clark County, t h e  major 
popul a t i  on center  (approximately 462,000 i n 1980), t h e  popu la t ion  dens i ty  
w i t h i n  a 150 k n  rad ius  o f  t h e  NTS i s  about 0.5 persons per  square k i lometer .  
For comparison, t h e  48 contiguous s ta tes  (1980 census) had a popu la t ion  
dens i ty  o f  approximately 29 persons per  square k  i 1 ometer. The est imated 
average popu la t ion  dens i ty  f o r  Nevada i n  1980 was 2.8 persons per  square 
k i  1  ometer. 

The o f f s i t e  area w i t h i n  80 km o f  t h e  NTS ( t h e  area i n  which t h e  dose 
commitment must be determined f o r  t h e  purpose o f  t h i s  r e p o r t )  i s  predominant ly 
ru ra l .  Several small communities a re  loca ted  i n  t h e  area, t h e  l a r g e s t  being 
i n  t h e  Pahrump Val ley. This  growing r u r a l  community, w i t h  an est imated 
popu la t ion  o f  about 3,600, i s  loca ted  about 72 km south-southwest o f  t h e  NTS 
CP-1. The Amargosa Farm Area, which has a popu la t ion  o f  about 1,600, i s  
loca ted  about 50 km southwest o f  CP-1. The l a r g e s t  town i n  t h e  n e a r - o f f s i t e  
area i s  Beatty,  which has a popu la t ion  o f  about 900 and i s  l oca ted  
approximately 65 km t o  t h e  west o f  CP-1. 

The Mojave Desert o f  C a l i f o r n i a ,  which inc ludes  Death Va l ley  Nat iona l  
Monument, l i e s  along t h e  southwestern border o f  Nevada. The Nat ional  Park 
Serv ice (1980) est imates t h a t  t h e  popu la t ion  w i t h i n  t h e  Monument boundaries 
ranges f r o ~ n  a minimum o f  900 permanent res idents  dur ing  t h e  summer months t o  
as many as 35,000 t o u r i s t s  and campers on any p a r t i c u l a r  day du r i ng  t h e  major 
ho l iday  periods i n  t h e  w i n t e r  months, and as many as 80,000 du r i ng  "Death 
Val1 ey Days" i n  t h e  month o f  November. The l a r g e s t  town and cont iguous 
populated area i n  t h e  Mojave Desert i s  Barstow, loca ted  265 km south-southwest 
o f  t h e  NTS, w i t h  a popu la t ion  o f  about 17,600. The next l a r g e s t  populated 
area i s  t h e  Ridgecrest-China Lake area, which has a popu la t ion  o f  about 20,000 
and i s  l oca ted  about 190 km southwest o f  t h e  NTS. The Owens Val ley,  where 
numerous small towns a re  located, l i e s  about 50 km west o f  Death Val ley.  The 
l a r g e s t  town i n  Owens Va l ley  i s  Bishop, l oca ted  225 km west-northwest o f  t h e  
NTS, w i t h  a popu la t ion  o f  about 5,300 i n c l u d i n g  contiguous populated areas. 

The extreme southwestern reg ion  o f  Utah i s  more developed than t h e  
adjacent p a r t  o f  Nevada. The l a r g e s t  community i s  St. George, l oca ted  220 km 
east o f  t h e  NTS, w i t h  a popu la t ion  o f  11,300. The next l a r g e s t  town, Cedar 
C i ty ,  w i t h  a popu la t ion  o f  10,900, i s  l oca ted  280 km east nor theast  o f  t h e  
NTS. 

The extreme northwestern reg ion  o f  Arizona i s  most ly  range land except 
f o r  t h a t  p o r t i o n  i n  t h e  Lake Mead Recreat ion Area. I n  add i t ion ,  several  small 
communities l i e  along t h e  Colorado River.  The l a r g e s t  town i n  t h e  area i s  
Kingman, l oca ted  280 km southeast o f  t h e  NTS, w i t h  a popu la t ion  o f  about 
9,200. Figures A-4 through A-7 show t h e  domestic animal populat ions i n  t h e  
count ies near t h e  NTS. 
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F igu re  A-3. Populat ion o f  Arizona, C a l i f o r n i a ,  Nevada, and Utah 
count ies near t h e  Nevada Test s i t e  (1980). 
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F igu re  A-4. D i s t r i b u t i o n  and number o f  f a m i l y  m i l k  cows and goats, by county. 
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Figure A-5. D i s t r i b u t i o n  o f  d a i r y  cows, by county. 
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F igu re  A-6. D i s t r i b u t i o n  of beef c a t t l e ,  by county. 
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Figure A-7. Distribution of sheep, by county. 



APPENDIX B. SAMPLE ANALYSIS PROCEDURES 

ANALYTICAL PROCEDURES 

The procedures f o r  ana l yz i ng  samples c o l l e c t e d  f o r  o f f s i t e  s u r v e i l l a n c e  
a r e  descr ibed  by Johns e t  a1 : i n  "Radiochemical A n a l y t i c a l  Procedures f o r  
Analyses o f  Environmental  Samples" (EMSL-LV-0539-17, 1979) and a r e  summarized 
i n  Tab le  B-1. 

TABLE 6-1. SUMMARY OF ANALYTICAL PROCEDURES 

Counting Approximate 
Type o f  Ana ly t i ca l  Period Ana ly t i ca l  Sample Detect ion 
Analysis Equipment (mi n) Procedures Size L im i t *  

NaI ( T1 ) Gamma 
Spectrometry* 

I G  Ge(L i )  
Gamma 
Spectrometry* 

Gross beta 
on a i r  f i l t e r s  

NaI detector  10 min. f o r  
ca l  i brated a t  a i r  charcoal 
10 keV per ca r t r idges  
channel (0.05- 
2.0 MeV range). 

I G  o r  Ge(L i )  Ind iv idua l  
detector  ca l  i- a i r  f i l t e r s ,  
brated a t  0.5 keV/ 30 min; 
channel (0.04 a i r  f i l t e r  
t o  2 IIeV range) composites, 
i nd iv idua l  detec- -1200 min. 
t o r  e f f i c i e n c i e s  100 min f o r  
ranging from mi lk ,  water, 
-155 t o  35%. suspended 

sol ids. 

Low-1 eve1 end 30 
window, gas 
f low propor t ional  
counter w i t h  a 
12.7 cm diameter 
window (80 ug/cm2) 

Radionucl i d e  700-1200 m3 
concentra- f o r  a i r  
t i o n s  quan- charcoal 
t i f i e d  from c a r t r i d g e  
gamma spec- samples. 
t r a l  data by 
computer 
using a leas t  
squares 
technique. 

Radionucl i d e  700-1200 m3 
concentrat ion f o r  a i r  
q u a n t i f i e d  f i l t e r s ;  
from gamma 4 l i t e r s  
spect ra l  data f o r  m i l k  
by on- 1 i ne and water. 
computer pro- 
gram. Radio- 
nucl ides i n  a i r  
f i l t e r  composite 
sampl es are 
i d e n t i f i e d  only. 

Samples are 700-1200 m3 
counted a f t e r  
decay o f  
natura l  1 y-occurr i  ng 
radon-thoron 
daughters and, i f  ' 
necessary, ext ra-  
pol ated t o  mid- 
po in t  o f  c o l l e c t i o n  
i n  accordance w i t h  
t - l a 2  decay o r  an 
experimental 1  y- 
derived decay. 

For r o u t i n e  n i l  k  
and water genera l ly  , 
-10 pCi/L f o r  
most common f a l l o u t  
rad ionucl ides i n  a 
simple spectrum. 
F i l t e r s  f o r  LTHMP 
suspended sol ids,  
6pC i /L .  A i r  
f i l t e r s ,  0.04 pCi/m3. 

(cont inued) 



TAHLt B-1. (Con t inued)  

Count ing  Approximate 
Type o f  A n a l y t i c a l  Pe r i od  A n a l y t i c a l  Sample D e t e c t i o n  
Ana l ys i s  Equipment (min) Procedures S ize  L i m i t *  

89- 90sr Low-background 50 
t h i  n-wi ndow, 
gas - f l  ow pro- 
p o r t  i o n a l  
coun te r  w i t h  a 
5.7-cm d iameter  
window (80 ug/cm2) 

H Enrichment 
(Long-Term 
Hydro1 oq i ca l  
Samples) 

Automat ic 
l i q u i d  
s c i n t i l l a t i o n  
counter  w i t h  
ou tpu t  p r i n t e r .  

Automat ic 
s c i n t i l l a t i o n  
counter  w i t h  
ou tpu t  p r i n t e r .  

A1 pha spect ro-  
meter w i t h  450 
mm , 300-urn 
d e p l e t i o n  depth, 
s i  1 i c o n  surface 
b a r r i e r  de tec to r s  
operated i n  
vacuum chambers. 

Automat ic 
l i q u i d  s c i n t i l -  
l a t i o n  counter  
w i t h  ou tput  
p r i n t e r .  

Separa t ion  o f  1.0 l i t e r  8 g ~ r  = 5 pCi /L  
s t r o n t i u m b y w e t  f o r m i l k  9 % r = 2 p C i / L .  
chemical method. o r  water. 
A f t e r  an i ng row th  0.1-1 k g  
per iod ,  y t t r i u m  f o r  t i s s u e .  
i s  separated and 
90Sr a c t i v i t y  i s  
c a l c u l a t e d  f rom 
t h e  a c t i v i t y  o f  t h e  

daughter.  8gSr 
a c t i v i t y  i s  ob ta i ned  
by decay curve  
ana l ys i s .  

Sample pre- 
pared by . 
d i s t i l l a t i o n .  

Sample concen- 
t r a t e d  by 
e l e c t r o l y s i s  
f o l  1 owed 'by 
d i s t i l l a t i o n .  

1000-1400 Water sample o r  
ac id -d iges ted 
t i s s u e  samples 
separated by i o n  
exchange, e l  e c t r o -  
p l a t e d  on s t a i n l e s s  
s t e e l  p l  anchet. 

Phys ica l  
sepa ra t i on  by 
gas chroma- 
tography;  d i  s- 
solved i n .  
;ol uene 

c o c k t a i l "  f o r  
coun t i ng  . 

5 ml 400 pCi/L. 
f o r  water  

250 ml 10 pCi/L. 
f o r  water  

1.0 l i t e r  238"u = 0.08 pCi/L 
f o r  water; 2 3 9 ~ u  = 0.04 pCi/L 
0.1-1 kg  f o r  water. For  
f o r  t i s s u e ;  t i s s u e  samples, 
5,000- 0.04 pCi pe r  t o t a l  
10,000 m3 sample f o r  a1 1 
f o r  a i r .  i so topes;  5-10 aCi/ms 

f o r  p l u ton ium on a i r  
f i l t e r s .  

0.4-1.0 n3 8 5 ~ r ,  J .33~e ,  13' ~e 
f o r  a i r  = 4 pCi/m3. 

*The d e t e c t i o n  l i m i t  f o r  a l l  samples rece i ved  a f t e r  January 1, 1978 i s  de f i ned  as 3.29 sigma where 
sigma equals t h e  coun t i ng  e r r o r  o f  t h e  sample and Type I e r r o r  = T;pe I 1  e r r o r  = 5 percent.  (Cor ley ,  
J .  P., D. H.  enh ham, D. E. H iche les ,  A. R .  Olsen and D. A. Waite, A Guide f o r  Environmental  
Rad io l og i ca l  S u r v e i l l a n c e  a t  ERDA I n s t a l l a t i o n s , "  ERDA 77-24 pp. 3.19-3.22, March, 1977, Energy 
Research and Development Admin i s t r a t i on ,  D i v i s i o n  o f  Safe ty ,  Standards a'nd Compliance, blashington, D.C.) 

*Gamma spect romet ry  performed by t h a l  l i u m  a c t i v a t e d  sodium i o d i d e  (Ha1 ( T I  ) ) ,  i n t r i n s i c  genan ium (IC), 
o r  1 i t h i u m - d r i f t e d  genan ium d iode (Ge(Li ) )  de tec tors .  



APPENDIX C. QUALITY ASSURANCE PROCEDURES 

PRECISION OF ANALYSIS 

The dupl i cate sampl i ng program was in i t ia ted  fo r  the purpose of routinely 
assessi ng the  errors due t o  sampling, analysis, and counting of samples 
obtained from the survei 1 lance networks maintained by the EMSL-LV. 

The program involves the collection and analysis of duplicate samples from 
the ASN, the  NGTSN, the LTHMP, and the SMSN. Due t o  d i f f i cu l t i e s  anticipated 
in obtaining suff ic ient  quantit ies of milk fo r  duplicate samples from the Milk 
Surveil lance Network, duplicate samples are  normally collected during the 
annual activation of the SMSN. 

A t  least  30 duplicate samples from each network are  normally collected 
and analyzed over the report period. Since three TLD cards consisting of two 
TLD chips each are used a t  each s ta t ion of the Dosimetry Network, no 
additional samples were necessary. Table A-2 summarizes the samp7 i ng 
i nformat i on fo r  each survei 1 1 ance network. 

TABLE C-1. SAMPLES AND ANALYSES FOR DUPLICATE SAMPL-ING PROGRAM 

Sets of 
Number of Samples Dupl icate  

Survei 1 1 ance Sampl i ng Col lected Sampl es Number Sanpl e 
Network Locat ions Per Year Collected Per Set Analysis 

ASN 121 7,400 456 2 Gross bet a ,  
v Spectrometry 

NGTSN 11 5 72 5 6 2 8 5 ~ r ,  3 ~ ,  HTO, 
"20 

Dosimetry 8 1 315 - 315 4-6 Effective dose 
from gamma 

SMSN 150 150 32 2 40K 

LTHMP 134 2 54 2 7 2 ti 



Since t h e  sampl i ng d i  s t r i b u t i o n s  o f  each sarnple type  appeared t o  be l o g  
normal f rom a rev iew o f  cumulat ive frequency p l o t s  o f  t t i e  r e s u l t s ,  t h e  
var iance o f  each se t  o f  d u p l i c a t e  sample r e s u l t s  was est imated from t h e  
l o g a r i t h m  o f  t h e  r e s u l t s  i n  each set. 

For example, t h e  variance, s2, o f  each se t  o f  rep l i ca . te  TLD r e s u l t s  (n=6) 
was est imated from t h e  logar i thms o f  t h e  r e s u l t s  by t h e  standard expression, 

Since d u p l i c a t e  samples were c o l l e c t e d  f o r  a1 1 o t h e r  sample types, t h e  
variances, 52, f o r  these types were ca l cu la ted  from s 2  = (0.885R)2, where R i s  
t h e  abso lu te  d i f f e r e n c e  between t h e  logar i thms o f  t h e  dup l i ca te  sample 
resu l t s .  For small sample sizes, t h i s  est imate o f  t h e  var iance i s  
s t a t i s t i c a l l y  e f f i c i e n t *  and c e r t a i n l y  more convenient t o  c a l c u l a t e  than  t h e  
standard expression. 

The p r i n c i p l e  t h a t  t h e  var iances o f  random samples c o l l e c t e d  from a 
normal popu la t ion  f o l l o w  a chi-square d i s t r i b u t i o n  ( x 2 )  was then  used t o  
es t imate  t h e  expected popu la t ion  var iance f o r  each t ype  o f  sample analys is .  
The expression used i s  as fo l lows:**  

where n i  -1 = t h e  degrees o f  freedom f o r  n samples c o l l e c t e d  f o r  t h e  
i t h  rep1 i ca te  sample 

s2  = t h e  expected log-var iance (var iance o f  l oga r i t hm i values) o f  t h e  i t h  r e p l i c a t e  sample 

S 2  = t h e  best est imate o f  sample l o g  var iance der ived  f rom 
t h e  var iance est imates o f  a1 1 r e p l i c a t e  samples ( t h e  
expected value o f  s 2  i s  u 2 ) .  

The 991 upper conf idence l i m i t  f o r  t h e  t o t a l  e r r o r  (sampling + a n a l y t i c a l  
+ count ing  e r r o r s )  o f  t h e  geometric mean ( a n t i  1  og o f  mean o f  l o g  values) o f  
any group o f  samples c o l l e c t e d  from a g iven network was then deterrni ned as t h e  
a n t i l o g  (2.575). 

*Snedecor, G. W., and W. G.  Cochran. S t a t i s t i c a l  Methods. The Iowa S t a t e  
U n i v e r s i t y  Press, Ames, Iowa. 6 t h  Ed. 1967. pp. 39-47. 

**Freund, J. E. Mathematical S t a t i s t i c s .  P ren t i ce  H a l l ,  Englewood, New 
Jersey. 1962. pp 189-235. 



Table C-2 1  i s t s  t he  expected geometric standard d e v i a t i o n  ( a n t i l  og JF2) 
and i t s  99% upper conf idence l i m i t  (UCL) f o r  most analyses. 

To est imate t h e  p rec i s ion  o f  count ing, approximately 10 percent o f  a l l  
samples are  counted a  second time. These a re  unknown t o  t h e  analyst .  Since 
a l l  such r e p l i c a t e  count ing  gave r e s u l t s  w i t h i n  t h e  count ing e r r o r ,  t h e  
p rec i  s i on  data i n Tab1 e  C-2 represent  e r r o r s  p r i  n c i  pal  l y  i n  sampl e  co l  1  e c t i  on 
and analys is .  

TABLE C-2. UPPER CONFIDENCE LIMITS OF SAMPLING AND ANALYTICAL ERRORS 

9 9 W C L  o f  
To ta l  E r r o r  

Sets o f  Expected (Geomet ri c  
Rep1 i ca te  Geometric mean t imes 

Surve i l l ance  Sampl es Std. !lev. appropr ia te  
Network Analys is  Eva1 uated ( a n t i 1  og S )  va l  ue be1 ow) 

ASN Gross 8 (1978 da ta )  533 
7Be 34 
' 5 ~ r  3  5 
9 5 ~ b  87 
lo3 RU 33 . ' 
''+Ice 9  

NGTSN 8 5 ~ r  3 0  
H 17 
HTO (1978 data)  . 20 
"20 12 

Dos ine t ry  v (TLD) 31 5 

SMSN '+OK (1978 data)  3 2  

L  THMP 3~ (conv.) 7  
3~ (enrich.) 20 

ACCURACY OF ANALYSIS 

Data from t h e  ana lys i s  o f  i ntercompari son sampl es are  s t a t i s t i c a l  ly 
analyzed and compared t o  known values and values obta ined from o ther  
p a r t i c i p a t i n g  l abo ra to r i es .  A summary o f  t he  s t a t i s t i c a l  ana lys is  i s  g iven i n  
Table C-3, which compares t h e  mean o f  t h r e e  r e p l i c a t e  analyses w i t h  t h e  known 
value. The normal ized d e v i a t i o n  i s  a  measure o f  t h e  accuracy o f  t he  ana lys i s  
when compared t o  t h e  known concentrat ion.  The determinat ion o f  t h i s  parameter 



i s  exp la ined  i n  d e t a i l  separa te ly .  I f  t h e  va lue  o f  t h i s  parameter ( i n  
m u l t i p l e s  o f  s tandard normal dev ia te ,  u n i t l e s s !  l i e s  between c o n t r o l  1 i m i t s  o f  
-3 and +3, t h e  p r e c i s i o n  o r  accuracy o f  t h e  a n a l y s i s  i s  w i t h i n  normal 
s t a t i s t i c a l  v a r i a t i o n .  However, i f  t h e  parameters exceed these  1 im i  t s ,  one 
must suspect t h a t  t h e r e  i s  some o t h e r  cause o t h e r  than  normal s t a t i s t i c a l  
v a r i a t i o n s  t h a t  c o n t r i b u t e d  t o  t h e  d i f f e r e n c e  between t h e  measured va lues and 
t h e  known value. As shown by t h i s  t a b l e ,  t h e  s t ront ium-90 a n a l y s i s  f o r  m i l k  
samples exceeded t h e  c o n t r o l  1 i m i t  i n  two ou t  o f  f o u r  cross-checks and n e a r l y  
exceeded i t  on one other .  The problem was a t t r i b u t e d  t o  contaminat ion i n  t h e  
y t t r i u m  c a r r i e r  f o r  which an ove r - co r rec t i on  was made. A new supply  o f  
uncontaminated y t t r i  urn c a r r i e r  i s  now i n use. 

TABLE C-3. 1981 QUALITY ASSURANCE INTERCOMPARISON RESULTS 

Mean o f  
Rep1 i c a t e  Known Normal i zed 

Analyses Val ue Devi a t  i on from: 
Ana l ys i s  Month (XIO-~ uCi /ml )  ( ~ l O - ~ p C i / m l )  Known Conc. 

3~ i n  water  Feb 
A P ~  
Jun 
Aug 
Oct 

6 0 ~ o  i n  water  Feb 
Jun 
Oct 

1 0 6 ~ ~  Feb 
Jun 
Oct 

1 3 t ;  i n  Feb 
water  Jun 

Oct 

137Cs i n  Feb 
water  J un 

Oc t 

1709 
Lost*  
1627 
2672 
2184 
2623 

( con t  i nued) 



T H H L t  C-3. (Cont inued) 

Mean o f  
Rep1 i c a t e  Known Normal i zed 

Analyses Value . Dev ia t i on  from: 
Analys is  Month (XIO-~ pCi/ml) ( ~ l O - ~ p C i / m l )  Known Conc. 

'"1 i n  m i l k  Jan 
May 
J u l  
Oct 

8?5r i n  mi lk * *  Jan < 5 
A P ~  <55 
J u l  2 2 
Oct <46 

gost- i n  mi lk * *  Jan 4.2 
A P ~  2 0 
J u l  12 
Oct 16 

137Cs i n  m i l k  Jan 39 
Flay 19 
Ju l  29 
Oct 25 

140!3a. i n  m i l k  Jan < 6 
M ay <6 
J u l  <6 

137cs i n  a i r  Plar 13 
f i l t e r s  J un 20 
( p C i / f i l t e r )  Sep 2 2 

*These became contaminated i n  t h e  labora tory .  The source o f  t h e  
contaminat ion was i d e n t i f i e d  and t h e  procedure changed t o  prevent a 
recurrence o f  t h e  problem. 

**These analyses were performed by Government con t rac to r .  



QUALITY ASSURANCE-DOSIMETRY 

Radi oana l y t i  ca l  count ing systems and TLD systems are  ca l  i bra ted  us ing 
rad i  onucl i de standards t h a t  a re  t raceab le  t o  t h e  Nat ional  Bureau o f  Standards 
(NBS). These standards a re  obtained from t h e  Q u a l i t y  Assurance D i v i s i o n  a t  
EMSL-LV o r  f rom NBS. Each standard source used f o r  TLD c a l i b r a t i o n s  i s  
p e r i o d i c a l l y  checked f o r  accuracy i n  accordance w i t h  procedures t raceab le  t o  
NBS. 

To determine accuracy o f  t h e  data obta ined from t h e  TLD systems, 
dosimeters a re  p e r i o d i c a l l y  submitted t o  t h e  U n i v e r s i t y  o f  Texas School of 
Pub l i  c Heal th  f o r  intercomparisons o f  envi  ron~i iental  dosimeters. Dosimeters 
were submit ted t o  t h e  F i f t h  I n t e r n a t i o n a l  Intercomparison i n  August 1980 
(Table C-4). A l l  TLD measurements a re  performed i n  conformance w i t h  standards 
proposed by t h e  Arneri can Nat ional  Standards I n s t i t u t e  (ANSI 1975). 

TABLE C-4. SUMMARY RESULTS OF THE FIFTH INTERNATIONAL 
INTERCOMPARISON OF ENVIRONMENTAL DOSIMETERS 

Standard 
Q u a n t i t y  Mean i levi  a t  i on Comments 

Summary o f  "Beginning" Exposure Laboratory Resul ts  (mR) : 
EMSL-LV Dosimeters 66.4 5.C) EMSL-LV r e s u l t s  12% lower 
A1 1 Dos i ~ i e t  e rs  75.8 20.2 than a l l  dosimeters and 
Calculated Exposure 75.2 3.8 11.7% lower than t h e  

ca l cu la ted  exposure. 

Sum:iiary o f  "End" Exposure Laboratory Resul ts  (mR) : 
EMSL-LV Dosimeters 80.2 6.0 EMSL-LV r e s u l t s  11.6% 1 ower 
A1 1 Dosimeters 90.7 15.6 than a l l  dosimeters and 9.3"6 
Calculated Exposure 88.4 4.4 lower than t h e  ca l cu la ted  

exposure. 

Summary o f  F i e l d  Resu l ts  (mR): 
EMSL-LV Dosimeters 24.0 1.8 EMSL-LV r e s u l t s  2Wk lower  
A1 1 Dosimeters 30.2 7.3 than a l l  dosimeters and 
Calculated Exposure 30.0 3.0 20% lower than t h e  

ca l  cu la ted  exposure. 



APPENDIX D. RADIATION PROTECTION STANDARDS FOR 
EXTERNAL AND INTERNAL EXPOSURE 

DOE ANNUAL DOSE COMMITMENT 

The annual dose commitment tabu1 ated below i s  from "Basic Rad ia t ion  
P r o t e c t i o n  C r i t e r i a "  i n  NCRP Report No. 39. 

Dose L i m i t  t o  I n d i v i d u a l  s  Dose L i m i t  t o  S u i t a b l e  
i n Uncontrol  1  ed Area a t  Sample o f  t h e  Exposed 

Po in t s  o f  Maximum Probable Populat ion i n  an 
Type o f  Exposure Exposure ( rem) Uncontrol  1  ed Area ( rem) 

Whole body, gonads, 
o r  bone marrow 

Other organs 
- - 

DOE CONCENTRATION GUIDES 

The concent ra t ion  guides (CG's) i n  Table 0-1 a re  from t h e  DOE Order 
5480.1, Chapter X I ,  "Requirements f o r  Rad ia t ion  Protect ion."  A1 1 values a r e  
annual average concentrat ions. The Concentrat ion Guides are based on a 
s u i t a b l e  sample o f  t h e  exposed popu la t ion  i n  an uncont ro l led  area; 
occupat ional guides are used f o r  noble gases and t r i t i u m  exposures a t  t h e  
on-NTS s ta t i ons .  The f i n a l  column 1 i s t s  t h e  Minimum Detectable Concentrat ion 
from Appendix R as a percent o f  t h e  CG. 



Samp1.i ng Radio- 
Network' o r  Program Med i urn nucl i d e  CG MDC a s  % of CG 

A i r  Surve i l  l ance  
?-letwork 

Noble Gas and Tr i t i um 
Surve i l  l ance  Network, 
On-NTS 

Noble Gas and Tr i t ium 
Surve i l  1 ance Network, 
Of f-NTS 

a i r  

a i r  8 5 ~ r  1.0 x 10: 
% 5.0 x 10 
3 ~ e  1.0 x l o 7  
5 ~ e  4.0 x l o 6  

8 5 
a i r  3 I r  1.0 l o 5  

6.7 x l o 4  
3 ~ e  1.0 l o 5  

3 5 ~ e  3.3 l o 4  

Long-Te rm water  3~ 1.0 x l o 6  1.0 10' 3 
Hydro1 ogica l  Program " ~ r  1.0 l o 3  5.0 x 1 9 - I  

9 0 ~ r  1.0 x l o 2  2.0 x 10-O 
3 7 ~ s  6.7 x l o 3  1.5 x 1 0 - I  

2 2 6 ~ a  1.0 x l o 1  
3% 

2 35U 
1.3 x l o 3  
1.3 x l o 3  

34J 2.0 x l o 2  
2 3 8 ~ ~  1.7 x l o 3  4.7 1 0 - 3  

3 9 ~ u  1.7 x l o 3  2.4 x 10' 

Milk Surve i l  l ance  milk % 1.0 x l o 6  1.0 1 0 - 3  
Networks 1 3 7 ~ s  6.7 x l o 3  1.5 x 10' 

8 9 ~ r  1.0 l o 3  5.0 x 10- 
OS r 1.0 x l o 2  2.0 x 1 0 - O  



APPENDIX E. DATA SUMMARY FOR MONITORING NETWORKS 

TABLE E-1. 1981 SUMMARY OF ANALYTICAL RESULTS FOR A I R  SURVEILLANCE NETWORK 
CONTINUOUSLY OPERATING STATIONS 

Radi oac t  i v i  t y  Conc . 
No. Type o f  (pCi/m3) 
Days Radi o- 

Sampl i ng Loca t i on  Detected a c t i v i t y  Max M i  n Avgla* 

Death V a l l e y  Jct . ,  126.3  7B e 
C A 182.2 ' ~ b  

111.1 ' ~ r  
111.1  l o  3~~ 

58.1  
21.8  1 4 4 ~ e  

Furnace Creek, 
C A 

(con t inued)  



TABLE E-1 . (Cont i  nued) 

Radi oac t  i v i  t y  Conc. 
No. Type o f  (pci/m3 1 
Days Radio- 

Sarnpl i ng L o c a t i o n  De tec ted  a c t i v i t y  Max Mi n  Avg/ a* 

Area 51, NTS, 93.9 
PI V 122.8 

7 3  .O 
74.1 
31  .O 
17.1 

B e a t t y  , 
NV 

B lue  Eag le  Ranch, 64.9 
!IV 134.4 

85.6 
88.4 
30.1 
11 .o 

Gl endal e ,  
NV 

G o l d f i e l d ,  
NV 

H i  ko, 
PI v 

(cont inued)  



TABLE E - 1  . (Con t i  nued) 

Radi oac t  i v i  fy Conc. 
No. Type o f  (pCi/m ) 
Days Radio- 

Sampl i ng Loca t i on  Detected a c t i v i t y  Max M i  n  Avg/ a* 

I n d i a n  ' ~ p r i  ngs, 
r4v 

Las Vegas, 
PI v 

La th rop  i l e l  l s ,  
rIv 

Nyal a, 
N V 

Overton, 
PI v 

Pahrunp, 
FIV 

Gamma scan negl  i g i b l  e  

( c o n t i  nued) 



TAKLE E-1  . (Continued) 

R a d i o a c t i v i t y  Conc. 
No. Type o f  ( p ~ i  /m3 
Days Radi o- 

Sampl i ng Loca t i on  Detected a c t i v i t y  Max F l i  n Avgla* 

Robinson T r a i l e r  
Park , Rachel , 
NV 

Sco t t y '  s Junct ion,  
NV 

Stone Cabin Ranch, 
FIV 

Sunnyside, 
NV 

Tonopah , 
NV 

Tonopah Test Range, 140.4 7 ~ e  0.61 0.17 0.17 
NV 142.4 ~b 0.46 0.025 0.096 

76.6 9 5 ~ r  0.25 0.070 0.040 
78.2 lo 3~~ 0.12 0.031 0.022 
55.9 l4 0.084 0.033 0.010 

8.9 1 4 4 ~ e  0.26 0.17 0.0068 

( c o n t i  nued) 



TABLt E-1. (Cont inued) 

Radi oact  i vi$y  Conc. 
No. Type o f  (pCi/m ) 
Days Radi o- 

Sampl i ng Locat  i o n  Detected act i v i  t y  Flax M i  n Avg/aR 

Twin Spr i  ngs Ranch, 58.9 E3e 0.56 0.22 0.13 
NV 5 .O 95 ~b 0.059 0.042 0.0017 

Cedar C i t y ,  
UT 

Del ta ,  
IJT 

M i  1 f o r d ,  
UT 

S t .  George, 
U T 

Gamma scan n e g l i g i b l e  

*Avg/a i s  t ime-weighted average (over  t o t a l  ope ra t i ng  t ime o f  sampler) f o r  
use i n  exposure ca l  cu la t ions .  



TABLE E-2. 1981 SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE NETWORK 
STANDBY STATIONS - OPERATED 1 OR 2 WEEKS PER QUARTER 

R a d i o a c t i v i t y  Conc. 
No. Type o f  (pc i /m3)  
Days Radio- 

Sampl i ng Loca t i on  Detected a c t i v i t y  '%ax % n c a w *  

Kingman, AZ 

Phoenix, AZ 

Baker, CA 

Bishop, CA 

I n d i o ,  CA 

R idgecrest ,  C A  

Denver, CO 

Grand Junc t ion ,  CO 

Boise,  I D  

Idaho F a l l s ,  I D  

Mountain Home, IO 

New Orleans, LA 

Clayton, 110 

St .  Joseph, MO 

Bozernan, MT 

B a t t l e  Mountain, NV 

B lue  Jay, NV 

Ca l i en te ,  NV 

Duckwater, NV 2 .O 7~ e 0.47 0.47 0.13 

( con t  i nued) 



O
O

C
O

O
O

O
O

 
0

0
0

0
0

0
 



TABLE E-2. (Continued) 

Sampl i ng 
Locat ion 

Sarnpl i ng 
Locat ion  

Sampl i ng 
Locat ion  

The gamma scan was n e g l i g i b l e  f o r  t h e  f o l l o w i n g  s ta t i ons :  

Sel igman, AZ M i  ssoul a, MT Burns, OR 

Winslow, AZ Nor th  P l a t t e ,  NB Aberdeen, SD 

L i t t l e  Rock, AR 

Lone Pine, CA 

Needles, C A  

Pueblo, CO 

Pocatel  l o ,  I D  

Preston, ID 

Currant,  NV 
(Angle Worm Ranch) 

Elko, NV 

Ely ,  NV 

Eureka, NV 

Frenchman Sta t ion ,  
NV 

Rapid C i t y ,  SD 

Abi lene, TX 

Amar i l lo ,  TX 

Aust in,  TX 

F o r t  Worth, TX 

Dugway, UT 

Twin F a l l s ,  I D  Lund, NV Logan, UT 

Iowa C i t y ,  I A  Pioche, NV Provo, UT 

Sioux City, I A  Reno, NV Vernal, UT 

Dodge C i t y ,  KS 

Lake Charles, LA 

Monroe, LA 

M i  nneapol i s, MN 

J o p l i n ,  MO 

Round Mountain, NV 

W i  nnemucca, NV 

Carlsbad, NM 

Muskogee, OK 

Norman, OK 

Wendover, UT 

Seat t le ,  WA 

Spokane, WA 

Worl and, WY 

B i l l i n g s ,  MT Medford, OR 



TABLE E-3. 1981, SUMMARY OF ANALYTICAL RESULTS FOR THE 
NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

R a d i o a c t i v i t y  Conc. 
No. ( pCi /m 3, % of 

Sampl i ng Days Conc. 
Loca t i on  Detected Radionucl i d e  Max Min Avg/a** GU i det 

8 5 ~ r  3 1 
3 ~ e  <19 

3~ i n  atrn. m.* <0.46 
3~ as HTO i n  a i r  <2.1 

8 5 ~ r  3 1 
3 3 ~ e  <4 5 

3~ i n  atm. m.* 1.5 
3~ as HTO i n  a i r  11 

8 5 ~ r  31 
3 ~ e  <37 

3~ i n  atm. m.* 1.0 
3~ as HTO i n  a i r  6.6 

5 ~ r  31 
3 ~ e  <4 o 

3~ i n  atm. m.* 0.99 
3~ as HTO i n  a i r  5.1 

8 5 ~ r  30 
3 ~ e  <81' 

3 ~ i n a t m .  m.* 0.55 
3t1 as HTO i n  a i r  4.0 

5 ~ r  3 1 
3 ~ e  <7 8 

3~ i n  atm. m.* 1.1 
3~ as HTO i n  a i r  4.8 

5 ~ r  33 
l3 3 ~ e  < I30  

3~ i n  atm. m.* 23 
3~ as HTO i n  a i r  90 

A1 amo , 
NV 

Bea t t y  , 
rIv 

Hiko, 
NV 

I n d i a n  S p r i  ngs, 
N V 

Las Vegas, 
NV 

La th rop  We1 1 s, 
NV 

Area 15, NTS, 
NV 

Area 400, NTS, 278.9 5 ~ r  3 3 15 23 <0.01 
M V 278.9 3 ~ e  <63 <3.1 3.5 <0.01 

345.7 % i n  atm. m.* 2.7 <O. 37 0.39 - - 
345.7 3 ~ a s  HTO i n  a i r  10 <1.1 1.7 <O. 01 

( c o n t i  nued) 

7 4 



TABLE E-3. (Continued) 

Radi oact i v i  t y  Conc.. 
NO. (pCi/m3) % of 

Sampl i ng Days Conc. 
Locat ion  Detected Radi onucl i de Max Min Avg/a** Gu i d e t  

Mercury, NTS, 302.3 8 5 ~ r  30 
NV 316.3 3 ~ e  <4 0 

355.7 3~ i n  atm. m.* 2.0 
355.7 3~ as HTO i n  a i r  9.6 

Area 51, NTS,* 350.5 8 5 ~ r  32 
NV 343.5 3 ~ e ,  <62 

277.0 3~ i n  atm. m.* 9.0 
277.0 3~ as HTO i n  a i r  25 

BJY, NTS, 311.6 5 ~ r  
1 3'3Xe 

39 
NV 320.9 1,500 

340.7 3~ i n  atm. m.* 13 
340.7 3 ~ a s H T O i n a i r  32 

Area 12, NTS, 322.9 8 5 ~ r  
1 3 3  

33 
NV 328.8 Xe <3 3 

308.5 3~ i n  atm. m.* 15 
308.5 3 ~ a ~  HTO i n  a i r  51 

Overton, 7.0 'Kr 26 
NV 7.0 3 ~ e  <13 

23.0 3~ i n  atm. m.* <0.42 
23.0 - 3~ as HTO i n  a i r  <3.1 

Pahrump, 95.6 "Kr 29 
NV 95.6 3 ~ e  <4 3 

99.7 % i n  atm. m.* 0.49 
99.7 ' ~ a s H T O i n a i r  5.3 

Rachel, 304.2 * '~r 3 3 
NV 297.2 13%e <78 

361.4 % i n a t m . m . *  0.91 
361.4 % as HTO i n  a i r  <5.0 

(cont inued)  



TABLE E-3. (Continued) 

R a d i o a c t i v i t y  Conc. 
NO. (pCi/m3) % of 

Sampl i ng Days Conc. 
Locat ion  Detected Radi onucl i de Max Min Avg/a** Guidet 

Tonopah, 339.1 8 5 ~ r  31 17 25 0.02 
NV 338.0 3Xe <50 <6.4 (6.4 (0.01 

350.0 3~ i n  atm. m.* 0.87 <0.30 <0.30 -- 
350.0 3~ as HTO i n  a i r  5.8 <O. 83 1.1 <O. 01 

*Concentrations of t r i t i u m  i n  atmospheric moisture (atm. m.) a re  expressed 
as pCi per  m l  o f  water co l lec ted .  

**Avg/a i s  t ime-weighted average, over t o t a l  opera t ing  t ime. 
'concentration Guides used f o r  NTS s t a t i o n s  a re  those app l i cab le  t o  
r a d i a t i o n  workers. Those used f o r  off-NTS s t a t i o n s  are  f o r  exposure t o  a 
s u i t a b l e  sample o f  t h e  popu la t ion  i n  an uncont ro l led  area. See Appendix D 
f o r  Concentrat ion Guides. 

* ~ l s o  known as Groom Lake. 



TABLE E-4. 1981 SUMMARY OF GROSS BETA ANALYSES AT FIVE ASN STATIONS 

No. Concent r a t i o n  (pCi /m3) 
Days - 

Sampl i ng Loca t i on  Analyzed Analy te M i  nimum Maxi mum Average 

Shoshone, CA 165.6 Gross B 0.012 0.17 0.047 

Las Vegas, NV 120.2 Gross 6 0.012 0.10 0.044 

Del ta,  UT 158.4 Gross 6 0.012 0.12 0.047 

M i l f o r d ,  UT 117.6 Gross 6 0.012 0.13 0.048 
8 

St. George, UT 147.7 Bross 6 0.013 0.14 0.053 



TABLE E-5. 1981 SUMMARY OF PLUTONIUM CONCENTRATIONS AT SELECTED 
A I R  SURVEILLANCE NETWORK STATIONS* 

2 3 8 ~ ~  Concentrat ion 2 3 9 ~ ~  Concentrat i o n  
No. (aCi /m 3, (aCi/m3) 

Sampl i ng Days 
Locat ion  Sampled Max M i  n Avg Max M i  n Av g 

Barstow, 
C A 35.1 3.4 -1.8 1.1 80 12 3 8 

S t .  Joseph, 
MO 49.2 3.4 -4.6 0.44 84 6.8 30 

Las Vegas, 
NV 332.9 18 -0.99 1.3 137 1.3 42 

La t  hrop We1 1 s , 
NV 345.2 7.0 0.32 2.7 110 4.6 33 

Rachel, 
NV 350.2 12 -0.69 3.0 102 5.1 3 1 

A1 buquerque, 
NM 54.3 16 0.89 6.7 155 2 3 83 

Medf o r d  , 
OR 

Aberdeen, 
SD 

Aust in,  
TX 

Spokane, 
W A 

*CG f o r  2 3 8 ~ ~  = 23,000 aCi/m3, f o r  2 3 9 P ~  = 20,000 aCi/m3 



TABLE E-6. 1981 SUMMARY OF TRITIUM RESULTS FOR THE NTS MONTHLY 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

T r i t i u m  Concentrat ion 
(pCi/L) % o f  

Sampl i ng No. Conc. 
Locat ion Samples* Max M i  n Avg Guide** 

Well 8 12 

Well U3CN-5 12 

Well A 

Well C 

Well 5c 

Army We1 1 
No. 1 

Well 2 11 

Test Well B 11 

Well J-13 12 

Well UE7ns 12 1,700 1,000 1,400 0.14 

Well U19c 12 <11 <6 <6 <0.01 

Well 3 

Well 4 12 <11 <6 <6 (0.01 

*Some samples cou ld  not  be c o l l e c t e d  every month because o f  adverse weather 
cond i t i ons  o r  i nope ra t i ve  pumps. 

**Concentrat ion Guides f o r  d r i n k i n g  water a t  NTS l o c a t i o n s  a re  t h e  same as 
those  f o r  off-NTS loca t ions .  See Appendix D f o r  Concentrat ion Guides. 



TABLE E-7. 1981 TKITIUPl RESULTS FOR THE FITS SEMI-ANrlUAL 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

T r i  t i urn X of 
Sampl i ng Sample Concentrat ion Conc. 
Loca t i on  Date TY pe (pCi /L)  Guide* 

NTS , 
We1 l UE15d 

1 106 We1 1 60 <O .O 1 
(Pump i noperat i ve du r i ng  2nd sampl i ng per iod )  

NTS, 1/07 We1 1 8 
Test We1 1 D 7 123 We1 1 < 7 

NTS, 1/07 We1 1 < 5 <0.01 
Well UElc 7/23 We1 1 <7 <0.01 

NTS, 
We1 1 C - 1  

NTS , 
Well UE5C 

PITS, 
Well 5b 

NTS, 
Test  We1 1 F 

NTS , 
We1 1 UE18r 

Ash Meadows, NV, 
Crys ta l  Pool 

Ash Pleadows, NV, 
Well 18Sl51E-7DB 

Ash Meadows, NV, 
Well 17S/50E-14CAC 

(Pump i nopera t i  ve d u r i  ng 1981 ) 

(Equipment down ho le  d u r i  ng 1981 ) 

1/09 Sp r i  ng <5 
7/27 Sp r i  ng <7 

Ash Meadows, NV, 1/09 Sp r i  ng <5 <O .01 
Fa i  rbanks Sp r i  ngs 7/27 Sp r i  ng < 7 <O .01 

Beat ty ,  NV, 1/20 We1 l ' <5 <O .01 
C i t y  Supply, 7/28 We1 1 <7 <O .O1 
12S/47E-7DBD 

( c o n t i  w e d )  



TABLE E-7. (Continued) 

Sampl i ng 
Locat ion  

T r i t i u m  X o f  
Sampl e Concentrat ion Conc. 

Date TY pe (pCi /L)  Guide* 

Beat ty ,  NV, 1/20 We1 1 <5 <O .01 
Nuclear 7 129 We1 1 < 7 <O .01 
Engineering Co. 

Beat ty ,  NV, 1/08  We1 1 <5 (0.01 
Cof fe rs  Well, 7 129 We1 1 <7 <O . O 1  
l lS/48/lDD 

I ndi an Springs, 'NV, 1 106 We1 1 <8 <O .01 
USAF Plo. 2 7 I20 We1 1 <13 <O .01 

I nd ian  Springs, NV, 1/06 We1 1 <5 <O .O1 
Sewer Co. Inc., 7/20 He1 1 <7 <O .01 
Well No. 1 

Lathrop Wells, NV, 1/08 We1 1 < 5 <O .01 
C i t y  Supply 7/28 We1 1 <7 <O .01 

Spr i  ngdal e, r.IV, 1 / 0 8  S p r i  ng <5 <O .01 
Goss Springs 7/28 Spr i  ng < 7 <0.01 

"Concentrat ion Guides f o r  d r i n k i n g  water  a t  NTS l o c a t i o n s  are t h e  same as 
those f o r  off-NTS loca t i ons .  See Appendix D. 



TABLE E-8. 1981 TRITIUM RESULTS FOR THE NTS ANNUAL LONG-TERM 
HYDROLOGICAL MONITORING PROGRAM 

T r i t i u m  % o f  
Sampling Sample Concent r a t i o n  Conc. 
Loca t ion  Date TY Pe (pc i / L )  Gu i de* 

Shoshone, CA 8 1  11 Spr ing 7 <0.01 
Shoshone Spr i  ng 

Hiko, NV 8/ 13 Spr i  ng <7 <0.01 
C rys ta l  Spr i  ngs 

A1 amo, NV 8/13 We1 1 
C i t y  Supply 

Wann Springs, NV 81 12 Spr i  ng <7 <O. 01  
T\.ri n Springs Ranch 

Nyala, NV 8/12 We1 1 
Sharp Ranch 

Adaven, NV 8/ 12 Spri  ng <7 <O. 01  
Adaven Spr i  ng 

Pahrump, NV 8/11 We1 1 
Calvada Well 3 

Tonopah, NV 
C i t y  Supply 

Clark  S ta t ion ,  8/12 We1 1 
NV Tonopah Test 
Range We1 1 6 

Las Vegas, NV 8/ 06 We1 1 
Water D i s t r i c t  
Well No. 28 

Tempi u te,  NV 8/13 We1 1 
Union Carbide Well 

*See Appendix D f o r  Concentrat ion Guides. 



Figure E-1. Amchitka Island and Background sampling locations f o r  t h e  LTHMP* 
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@surface Ground Zero 

Sarnpi~ng Locat~ons 

Figure E-2. LTHMP sampling loca t ions  f o r  Project  Cannikin. 
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TABLE E-9. 1981 TRITIUM-RESULTS FOR THE OFF-NTS LONG-TERM 
HYDROLOGICAL MONITOR1 NG PROGRAM (ANNUAL SAMPLES) 

Sampl i ng 
Locat ion  

T r i t i u m  % of 
Sample Concent r a t i o n  Conc. 

Date TY pe (pCi/L) Guide* 

PROJECT CANNIKIN -- AMCHITKA, ALASKA 

Well HTH-3 10103 We1 1 57 <O. 01 

I c e  Box Lake 10103 Lake 48 <O. 01 

White A l i c e  Creek (No sample c o l l e c t e d  - d r y )  

South end 10103 Lake 4 3 <O. 01  
Canniki n Lake 

North end 10/03 Lake 
Canniki n Lake 

We1 1 AEC-1 (No sample c o l  l e c t e d )  

P i t  SGZ 10103 P i t  39 <O. 01 

PROJECT MILROW -- AMCHITKA, ALASKA: 

Heart  Lake 

We1 1 W-5 

We1 1 W-6 

We1 1 W-8 

Well W-15 

We1 1 W-10 

We1 1 W-11 

We1 1 W-3 

We1 1 W-2 

C l  evenger Creek 

We1 1 W-4 

We1 1 W-7 

We1 1 W-13 

10104 Lake 

10104 We1 1 

(No sample c o l l e c t e d  - d ry )  

10104 We1 1 

10104 We1 1 

10104 We1 1 . 
10104 We1 1 

10104 We1 1 

10104 Well . 

10104 Creek 

10104 We1 1 

10104 We1 1 

10104 We1 1 

PROJECT LONG SHOT -- ALASKA 

Amchitka, AK: 

We1 1 WL-2 10105 We1 1 

(cont inued) 



Scale In Meters 

Surface Ground Zero 

Figure E-3. LTHMP sampling locations for Projects Milrow and Long Shot. 
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TABLE E-9. (Continued) 

Sampl i ng 
Locat ion 

T r i t i u m  ' . % o f  
Sampl e Concentrat ion Conc. 

Date TY pe (pCi/L) Guide* 

Amchi tka, AK: (cont inued)  

EPA We1 1-1 10105 We1 1 44 <0.01 

Reed Pond 10105 Pond 3 6 <O .01 

Well GZ 1 10/05 We1 l 4,200 0.42 

Well GZ 2 10105 We1 1 240 0.02 

We1 1 WL-1 10105 We1 1 52 <0.01 

Mud P i t  1 10105 

Mud P i t  2 10/05 

Mud P i t  3 10105 

BACKGROUND SAMPLES -- ALASKA 

Amchitka, AK: 

Constant ine 10104 
Spr ing 

Jones Lake 10104 

Army We1 1 1 10/04 

Amy Well 2 10104 

Army Idell 3 10/03 

S i t e  E 1013 
Hydro Expl o r  
,Hole 

S i t e  l7 10103 
Hydro Exp lo r  
Hole 

Rain Sample 10/04 

Rain Sample 10/09 

Duck Cove Creek 10104 

Pond 

Pond 

Pond 

Spr ing 

Lake 

We1 1 

We1 1 

We1 1 

We1 1 

Rain 

Rain 

Creek 

<o .01 

<o a01 

<o .01 

(cont inued)  



8400' Downstrea 

Cr 500' Upstream 

Fawn Cr No 3 

RIO Blanco County 

------- 

Water Well (Sampled) 
Locat~on Maps 

Figure E-4. LTHMP sampling locations for Project Rio Blanco. 
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TABLE E-9. (Continued) 

T r i t i u m  . .% o f  
Sampl e Concent r a t i o n  Conc. 

Date TY pe ( p c i  /L) Guide* 
Sampl i ng 
Locat ion 

R io  Blanco, CO: 

Fawn Creek 
6,800 ft upstream 
from SGZ 

Creek 

Fawn Creek 
500 ft upstream 
from SGZ 

Creek 

Fawn Creek 
500 ft downstream 
f rom SGZ 

Creek 

Fawn Creek 
5,400 f t  downstream 
from SGZ 

Creek 

Fawn Creek No. 1 Spr i  ng 

Spr i  ng 

Spr i  ng 

Fawn Creek No. 3 

CER No. 1 
Black Sulphur 

CER No. 4 
Black Sulphur 

Spr ing 

9-1 Equ i ty  Camp Spr i  ng 

We1 1 

We1 1 

Brennan W i  ndmi 1 1 

Johnson A r tes ian  
We1 1 

Well RB-D-01 

(cont  i nued) 



F i g u r e  E-5. LTHMP sampl i ng 1  oca t i ons  f o r  Project Rul i son. 
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T A W  E-9. (Continued) 

Sampl i ng 
Locat ion  

T r i t i u m  
Sampl e Concent r a t  i on 

Date TY pe (pCi /L)  

X o f  
Conc. 
Guide* 

PROJECT RUL I S O N  -- COLORADO 

Rul ison, CO: 

Lee L. Hayward Ranch 6/10 We1 1 

Robert Searcy 6 110 We1 1 
Ranch ( 6 .  Schwab) 

Fel i x Sefcovi  c 6/10 We1 1 
Ranch 

P o t t e r  Ranch 6/10 Sp r i  ng 200 

Grand Va l ley ,  CO: 

A1 b e r t  Gardner 6/10 We1 1 
Ranch 

C i t y  Spr ing 6/10 Spr ing 4 6 

Spr ing  300 Yds. 6/11 Spr i  ng 130 
NW o f  GZ 

B a t t l  ernent Creek 611 1 Creek 

CER Test blel l  6/11 We1 1 

( c o n t i  nued) 



Scale In Mlles 

3/81 Scale ~n Kilometers 

I 
J 
/ 

4 
/ 

S G Z G $ ~ ~ ~  HTH 2 1 

\ 
I 
I 
I 

0 ,: 
0 

0 
I 

/ I 
I / I 
I 0+ 

/ I 
lu~--- .  

--\- 
0 I 

I /' \ 
\ .. 

/ ' \ .\, \ 

\ SIX-M~le well.\ 
I 
1 
I 
I 
I 
I 
I rn J I ~  B ~ a s  Well 
I (Blue Jay Spr~ngs) 

I 
1 
I 
/ 

/ 
I 

N I 

I I' 
/ Blue Jay 
I M a ~ n t  Sta 
I / 

Nevada 

0 
0 *07Tl 

County 

@surface Ground Zero H) \J 
Water Sarnpl~ng Locat~ons 

Locat~on Maps - 
Figure E-6. LTHMP sampling locations for Project Faultless. 



Hunts Station. 
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,------------ 

Mineral County 

Figure E-7. LTHMP sampl ing l o c a t i o n s  f o r  P r o j e c t  Shoal. 



TABLE E-9. (Cont inued) 

Sampl i ng 
Locat ion  

T r i t i u m  X o f  
Sampl e Concentrat  i o n  . Conc. 

Date TY pe ( pCi /L)  Cui de* 

PROJECT FAULTLESS -- NEVADA 

Blue Jay, NV: 

Flai ntenance Sta . 6 123 We1 1 

S i xm i l e  Well 6/23 We1 1 

We1 1 HTH-1 6 124 We1 1 

Well HTH-2 6 124 We1 1 

Jim B ias  Well 6 123 We1 1 

Frenchman, NV: 

Frenchman S t a t i o n  5 120 We1 1 <10 <O .01 

We1 1 HS-1 5 120 We1 1 < l o  <0.01 

Well H-3 (Pump i noperat i ve) 

F l  owi ng We1 1 5/21 We1 1 11 <O .O1 

Hunts S t a t i o n  5/20 We1 1 < l o  <O .O1 

(cont inued)  
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Lower Burro Canyon. 

Figure  E-8. LTHMP sampling l o c a t i o n s  f o r  P ro j ec t  Gasbuggy. 
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TABLE E-9. (Cont i  nued) 

Sampling 
Locat i on 

T r i t i u m  % o f  
Sampl e Concentrat i o n  Conc. 

Date TY pe (pCi/L) Guide* 
- - 

PROJECT GASBUGGY -- NEM MEXICO 

Gobernador, NM: 

Arnold Ranch 
Lower Burro Canyon 
Fred B i x l e r  Ranch 
Cave Springs 
Windmil l  No. 2 
Bubbl i ng Spr i  ngs 
EPNG Well 10-36 
La Jara Creek 

PROJECT GNOME -- NEW FIEXICO 

Flalaga, NM: 

USGS Well 1 5/07 

USGS Well 4 5/10 

USGS Well 8 5/10 

PHS Well 6 5/07 

PHs Well 9 5/06 

PHs Well 10 5/07 

Pecos R ive r  5/06 
Pumpi ng S t a t i o n  

Spr ing 
We1 1 
We1 1 
Spr i  ng 
We1 1 
Sp r i  ng 
We1 1 
Creek 

We1 1 

We1 1 

We1 1 

We1 1 

We! 1 

We1 1 

We1 1 

We1 1 

Well DD-1 

Loving, City 5/07 
Well No. 2 

Car l  sbad, C i t y  5/08 
Well No. 7 

15 <O .01 

(cont  i nued) 
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Carlsbad . 
Carlsbad C ~ t y  Well #7 

Lov~ng C ~ t y  Well #2. 

PHs Well 476. 

PHs Well #9m . PHS Well #lo. 
ff8 

Pecos R~ver 
Pump~ng Stat~on Well #I 

i 
3,81 Scale In Kllorneters 

/ .  
@surface Ground Zero 

A On-S~te  Water Sampl~ng Locat~ons 
Off-S~te Water Sampl~ng Locat~ons Locat~on Maps 

i 

F i g u r e  E-9. LTHMP sampl ing s t a t i o n s  f o r  P r o j e c t  Gnome. 
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Figure E-10. LTHMP sampling locations fo r  Project 
Dribble - towns and residences. 



TABLE E-9. (C0n.t i nued) 

Sampl i ng 
Locat ion  

Sampl e 
Date TY pe 

T r i t i u m  % o f  
Concentrat ion Conc. 

(pCi/L) Guide* 

**These samples a1 so had t h e  f o l  1  owi ng de tec tab le  concent ra t ion :  

Concentrat i o n  
Locat ion  Radi onucl i de (pCi /L)  % CG 

Malaga, NM: 

USGS We1 1 No. 4 

USGS We1 1 No. 8 

Well LRL-7 

Well DD-1  

PROJECT DRIBBLE -- MISSISSI-PPI 

B a x t e r v i l l e ,  MS: 

C i t y  Supply 3/23 

Lower L i t t l e  3 130 
Creek 

R. L. Anderson 3 /30 
res idence 

M. Lowe 3/21 
res idence 

R. Ready 3/23 
res idence 

W. Danie ls  3/23 
res idence 

B. Chambliss 3/21 
res idence 

We1 1 6 3 

Stream 12 

99 (cont  i nued) 
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Figure E-11. LTHMP sampling locations for P r o j e c t  Dribble - near GZ. 



TABLE E-9. (Continued) 

Sampl i ng 
Location 

Tritium % of 
Sampl e Concentration Conc. 

Date TY pe (pCi/L) Guide* 

B .  R. Anderson 3/23 
residence 

I? .  Mills 3/21 
res i dence 

A. C. Mills 3/21 We1 1 < l o  <O .O1 
residence 

G. Kelly 3/21 We1 1 < l o  <O .01 
residence 

H. Anderson 3/23 l.lel1 30 <O .01 
residence 

CIell Ascot No. 2 3/31 We1 1 < l o  <0.01 

Col umbi a, 3 /23 We1 1 <10 <O .O1 
City We1 1 64B 

Lumberton, 3/23 We1 1 (10 <0.01 
City Clell 2 

Purvi S ,  3 123 CIel1 <10 <0.01 
City Supply 

Baxtervil l e ,  MS: 

H a l ' f  Moon Creek 
Overfl ow 

Well HPIH-4 

klel 1 HFIH-5 

\./el 1 HIlH-7 

Clel 1 HrlH-8 

Well HPIH-11 

St ream 

1.2 

<o .O1 

0.02 

<o .O1 

0.65 

0.02 

0.06 

<o .01 

<o .01 

<o .01 

0.02 

(cont i nued) 
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F i g u r e  E-12. LTHMP sampl ing  l o c a t i o n s  f o r  P r o j e c t  D r i b b l e  - n e a r  s a l t  dome. 



TABLE E-9. (Continued) 

T r i t i u m  4: o f  
Sarnpl i ng Sampl e  Concent r a t i o n  Conc. 
Locat ion Date TY pe (pCi/L) Guide* 

Bax terv i  1 le ,  F?S: 

We1 1  HF1-3 

Well HV-S 

Well HM-L 

We1 1  HFI-2A 

H a l f  Moon Creek 

REECo P i t  
Drainage-A 

REECo P i t  
Dra i  nage-B 

REECo P i t  
Drainage-C 

Pond West 
o f  GZ 

Clell HT-2C 

I le l  1 HT-4 

Well HT-5 

Well E-7 

Pond 

Pond 

We1 1  

Pond 

*Concentrat ion Guides (CG) fo r  d r i n k i n g  water a t  o n s i t e  l oca t i ons  a re  t h e  
same as those fo r  o f f s i t e  loca t ions .  See Appendix D f o r  Concentrat ion 
Guides. 

**This sampl e  a1 so had concentrat ions o f  t he  f o l l  owing radionucl  ides  

Concent r a t i o n  
(pCi /L)  % CG 



TABLE E-10. 1981 SUMMARY OF ANALYTICAL RESULTS FOR THE 
MILK SURVEILLANCE NETWORK 

R a d i o a c t i v i t y  Conc. 
(pCi/l-1 

Sampl i ng Sample No. o f  Radio- 
Locat ion Type* Samples nucl  i d e  Max M i  n Avg 

Hinkley, CA, 12 
B i l l  Nelson Dairy  

Keough Hot Spgs., 13 
C A 
Y r i  barren Ranch 

R i  dgecrest , CA, 13 
Jane Szymanski 
Ranch 

Alamo, NV, 13 
Buck horn Ranch 

Aust in,  NV, 13 
Young's Ranch 

Currant, NV, 13 
Blue Eagle Ranch 

Currant, NV, 13 
Manzoni e Ranch 

Hiko, NV, 13 
Dar re l  Hansen Ranch 

Las Vegas, NV, 12 
LDS Da i ry  Farm 

Lat  hrop We1 1 s, NV, 13 
R.J. Eastman Ranch 

Lida, NV, 13 
L i d a  L ivestock Co. 

( c o n t i  nued) 



TABLE E-10. (Continued) 

R a d i o a c t i v i t  Conc. 
(pCi/L 

Sampl i ng Sample No. o f  Radio- 
3 

Locat ion  Type* Sampl es nucl  i de Max M i  n Av g 

12 4 
3 

Lund, NV, 8 i H  620 <300 <300 
McKenzi e Da i r y  4 <50 <3 <3 90  Sr 

4 S r  5.4 <0.8 1.8 

12 4 
3 

Mesquite, NV, 8 9 H 890 <300 <300 
Hughes Bros. Da i r y  4 90  Sr <4 0 <4 <4 

4 Sr <4 0.92 '  0.96 

12 4 
8 9 

Moapa, NV, goSr <40 < 3 <3 
Agman Seventy-Five, 4 Sr 4.7 0.88 2.7 
I nc. 

13 4 
3 

Nyala, NV, 8gH <500 <300 <300 
Sharp's Ranch 4 goSr <ZOO <0.9 <O. 9 

4 Sr 7.3 <O. 5 2.2 

12 2 
8 9 

Overton, NV, goSr <40 <10 <10 
Robi son Dai r y  2 Sr <4 <4 <4 

13 4 
8 9 

C a l i  ente, NV, goSr <30 <2 <2 
June Cox Ranch 4 S r <4 0.71 1.5 

13 2 
8 9 

Round Mount a i  n, goSr <30 <30 <30 
NV, 2 Sr <8 3.9 <4 
Berg Ranch 

12 4 
8 9 

Cedar C i t y ,  UT, goSr <80 < 4 <4 
Western General Dai r y  4 S r <9 < 2 2.7 

12 1 
8 9 

S t .  George, UT, 9 oSr <0.7 <0.7 <O. 7 
Cot t  am Dai ry 1 Sr  0.30 0.30 0.30 

12 3 
8 9 

St. George UT, goSr <50 < 5 <5 
.Droubay Dai ry 3 Sr . < 5 1.9 <2 

*12 = Raw m i l k  from Grade A producer(s);  13 = raw m i l k  from f a m i l y  cow(s). 



TABLE E-11 .  1981 SUMMARY OF ANALYTICAL RESULTS FOR STANDBY 
MILK SURVEILLANCE NETWORK 

Col lec t ion  Tritium S r S r  
Sampl i ng Location Date 1981 pCi /L  pCi /L  pCi /L  

Bordens 
L i t t l e  Rock, Ark.  

Pondre Val ley Dairy 8/03 <420 N A N A 
F t .  Co l l i n s ,  Colo. 

Meadow Gold Dai r ies  9/09 N A <99 <2.6 
Boise, Idaho 

Swiss Val ley Farms 
Davenport, Iowa 

Mi l l e r s  Farm Dairy 
Topeka, Kan. 

Assoc. Mi 1 k Producers 9/11 N A <69 4.9 
Rochester,  Mi nn. 

Mi d-America Dai rymen 8/04 <420 <350 <8 
C h i l l i c o t h e ,  Mo. 

Dari go1 d Farms 
Bozeman, Mont. 

Mid-America Dairymen 8/09 <420 <61 2.5 
North P l a t t e ,  Neb. 

Cass Clay Creamery Inc. 8/04 <440 <70 <l. 6 
Fargo, N. Dak. 

Okla. S t a t e  Pen i t en t i a ry  8/26 <290 <73 <2.2 
McAlester, Okla. 

Mayfl ower-Dai rygol d Farms 9/09 <290 <6 2 2.5 
Port1 and, Ore. 

Dai ry Go1 d Foods 
Cheyenne, Wyo. 

Average <400 <8 9 2 + 1.8 



TABLE E-12. 1981 SUMMARY OF RADIATION DOSES FOR THE DOSIMETRY NETWORK 

S t  a t  i on 
Locat i on 

Annual 
Dose Adjusted 

Equi va l  en t  Rate Dose 
Measurement (mrem/d) Equ i va len t  

Per iod  Max. Min. Avg. (mremla) 

Adaven, NV 

Alamo, NV 

American Borate,  NV 

Area 51-NTS, NV 

Aus t in ,  NV 

Baker, CA 

Barstow, C A  

Beat ty ,  NV 

Bishop, CA 

B lue  Eagle Ranch, NV 

B lue  Jay, NV 

Cactus Springs, NV 

Ca l ien te ,  NV 

Carp, NV 

Casey's Ranch, NV 

Cedar City, UT 

C la r k  S ta t i on ,  NV 

Complex 1, NV 

Corn Creek S t a t i o n ,  NV 

Coyote Summit , NV 

Currant ,  NV 

Death V a l l e y  Jct . ,  CA 

D i a b l o  Mai n t .  Sta., NV 

Duckwater, NV 

E l g i n ,  NV 

E ly ,  NV 

E n t e r p r i  se, UT 

Eureka, NV 

( con t  i nued) 
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TABLE E-12. (Continued) 

S t a t i o n  
Locat ion 

Annual 
Dose Adjusted 

Equi va len t  Rate Dose 
Measurement (mremld) Equivalent  

Period Max. Min. Avg. (rnrem/a) 
- - - - -- - - - 

Furnace Creek, CA 

Garr i  son, UT 

Geyser Mai n t .  Sta. , NV 

Glenda1 e, UT 

Go ld f i e ld ,  NV 

Hancock Summit, I4V 

Hi ko, r4V 

Hot Creek Ranch, NV 

Independence, CA 01/21/81 01/12/82 0.26 0.25 0.25 9 1 

I nd ian  Springs, NV 01/06/81 01/04/82 0.17 0.15 0.16 58 

K i  rkeby Ranch, NV 01/08/81 01/07/82 0.21 0.20 0.20 73 

Koynes, NV 01/07/81 01/13/82 0.27 0.24 0.25 9 1 

Las Vegas ( A i r p o r t ) ,  NV 01/07/81 01/04/82 0.14 0.13 0.13 4 7 

Las Vegas (Placak),  NV 01/07/81 01/04/82 0.14 0.13 0.13 4 7 

Las Vegas (UNLV), N V '  

Las Vegas (USD I ) , NV 

Lathrop Wells, NV 

Lavada's Market, NV 

Lida,  NV 

Lone Pine, CA 

Lund, NV 

Mammoth Mtn., CA 

Manhattan, NV 

Mesquite, NV 

Nevada Farms, NV 

Nyala, NV 

Olancha, CA 

Pahrump, NV 

01/21/81 01/12/82 0.26 0.24 0.25 91 

01/08/81 01/04/82 0.17 0.14 0.16 58 

(cont inued) 
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TABLE E-12. (Continued) 

S t  a t  i on 
Locat ion 

Annual 
Dose Adjusted 

Equi va l  en t  Rate Dose 
Measurement (mremld) Equ iva len t  

Per iod Max. Min. Avg. (mrenla) 

P ine  Creek Ranch, NV 01/13/81 01/20/82 0.33 0.32 0.32 117 

Pioche, NV 01/13/81 01/06/82 0.22 0.22 0.22 8 0 

Queen C i t y  Summit, NV 01/06/81 01/11/82 0.46 0.34 0.38 139 

Rachel, NV 01/06/81 01/11/82 0.30 0.28 0.29 106 

Reed Ranch, NV 01/06/81 09/11/82 0.34 0.30 0.32 117 

Ridgecrest,  CA 01/20/81 01/12/82 0.24 0.23 0.23 84 

Round Mountain, NV 01/07/81 01/12/82 0.31 0.29 0.30 106 

Rox, NV' 06/22/81 01/04/82 0.22 0.18 0.20 7 3 

S c o t t y ' s  Junct ion,  MV 01/06/81 01/13/82 0.28 0.26 0.26 95 

Sher r i  ' s  Bar, NV 01/13/81 01/08/82 0.20 0.20 0.20 7 3 

Shoshone, CA 01/22/81 01/14/82 0.28 0.23 0.26 95 

Spr i  ngdal e, NV 

Spr ing  Meadows, NV 

St. George, UT 

Stone Cabin Ranch, NV 

Sunnyside, NV 

Tempiute, NV 

Tonopah, NV 

Tonopah Test Range, NV 

Twin Springs Ranch, NV 

U.S. Ecology, NV 

Val l e y  Crest, CA 

Warm Springs, NV 

Young's Ranch, NV 

1 
2 S t a t i o n  es tab l i shed Four th  Q u a r t e r  1981 

TLD's f rom Rox, Nevada, were s t o l e n  F i r s t  and Second Quar te r  1981 



TABLE E-13. 1981 SUMMARY OF RADIATION DOSES FOR OFFSITE RESIDENTS 

Dose Equi va l  en t  Annual 
Resi- Per i  od o f  Measurement Rate (mremld ) Net 
dent Background S t a t i o n  Exposure 
No. Locat ion  Issue C o l l e c t  Max. Min. Avg. (mrem) 

Tonopah, NV 

Cal iente,  NV 

Blue Jay, NV 

G l  endal e, NV 

Lathrop Wells, NV 

I nd ian  Springs, NV 

Go ld f i e l d ,  NV 

Twin Springs Ranch, NV 

Blue Eagle Ranch, NV 

Complex 1, NV 

Complex 1, NV 

Corn Creek, NV 

Koynes Ranch, NV 

Hancock Summit, NV 

Hancock Summit, NV 

Nyala, NV 

Nyala, l4V 

Go ld f i e l d ,  NV 

Beatty,  NV 

A1 amo, r4V 

A1 arm, NV 

Corn Creek, NV 

Corn Creek, NV 

Tempiute, NV 

Pahrump, NV 

Hot Creek Ranch, NV 

Stone Cabin Ranch, NV 

Rachel, NV 

31 Queen C i t y  Summit, NV 04/07/81 06/29/81 0.36 0.36 0.36 0.0 

(con t  i nued) 



TABLE E-13. (Continued) 

Dose Equiva lent  Annual 
Resi-  Per iod  o f  Measurement Rate (mremld) Net 
dent Background S t a t i o n  Exposure 
No. Locat ion  Issue C o l l e c t  Max. M i  n. Avy. (rnrern) 

Lida, NV 

Lathrop We1 1s , NV 

Furnace Creek, CA 

Death Val l e y  Jct. ,  CA 

Pahrump, NV 

Ind ian  Springs, NV 

Beatty,  NV 

Shoshone, CA 

Go ld f i e l d ,  NV 

Aust in,  NV 

Tonopah, NV 

A1 amo, NV 

Cedar City, UT 

St. George, UT 

Overton, NV 

47 Ely ,  NV 09/28/81 01/07/82 0.18 0.18 0.18 0.0 

48 Rachel, NV 11/10/81 01/13/82 0.23 0.23 0.23 0.0 

49 Las Vegas, UNLV 09/28/81 01/13/82 0.40 0.40 0.40 29.0 
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